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covTM P nMvn.NS A 'V «™ f*« «™ THFIR PREPARATIO N 



B^ irnund ThP Invention 



The present in»en.on r«a,es » nove, and me»,o<,s and means .or prepanng 

,r,em. and speci.ica,,» » neve, erythromycins .ha, are use*., as an.bac.eha. and an.lpro.ozoa. 
a9 en,s and o.he, «•*»- (e g . enhancer. awrosdero*, gas»ic mm reduCon. e K .)in 
mamma,, Mtf* man. as «e» as ,n „sh and M This m.en,,on a,so rete.es .o Pharmacol 
^poa.onscon.a.nfco ,he r»ve, compounds and ,0 me.hodso.„ea*o Pacertal and prcozoa, 
,„,ec.«>ns ,n mamma,, .sh. and b,rds by admws.enrfl me no»e, compounds .0 mamma,, ,ish and 

birds requiring such treatment. 

PoiyKetide biosynthet.c genes or portions of them. wh,ch may be denved from dKferent 
po.yket.de biosynthetic gene clusters are mandated to allow the production of novel 
erythromycins. 

Po.yket.desarea.arge and structurally diverse Cass of natura. products that inCudes many 
compounds possessing antibiotic or other pharmacotogica. properties, such as erythromycin, 
tetracycline, rapamycin. avermecfn. po.yether ionophores. and FK506. .n part.cu.ar. po.yKet.des 
are abundant* produced by Streptomyces and re.ated actinomycete bacteria They are 
synthesised by the repeated stepwise condensate of ac^thioesters in a manner anatogous to 
thatoftattyacidbiosynthesis. The greater structurally found among natural po.yKet.des 
arisesfrom the selection of (usua-y) acetate or prolate as "starter- or "extender" units: and from 
,he drttering degree of processing of the f*eto group observed after each condensation. 
Examples of processing's indude reduction to fVhydroxyacy.-. reduction fohowed by 
dehydration to 2-enoyh and compete reduction to the saturated acyrthtoester. The 
stereochemical outcome of these processing steps is a.so specified tor each cyc.e of chain 
extension The biosynthes-s of po.y.<etides is initiated by a group of cham-torming enzymes 
Known as po.yKet.de synthases Two classes of po.yKe,.de synthase (PKS) have been descnbed 
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-n aCnomyce.es However, the nove. polyke.ides and processes wh,ch are the sub jec t of th-s 
■nvenfon are synthesised by Type . PKS s. represented by the PKS's for the macrolides 
erythromycin, avermectin and rapamycin ( F,gure 1,. and consist of a Afferent setor "module" of 
enzymes for each cyc.e of peptide chain extens.cn (Figure 2A, (Cortes. J. et * Mature (1990, 
5 348:176-178; Donadio. S. et al. Science (1991) 252:675<679: MacNeil. 0. J. etal. Gene (1992,. 
1 15 1 19-125; Schwecke. T. etal. Proc. Natl. Acad. Sci. USA (1995) 92:7839-7843). Note: The 
term "natura. modufe" as used herein refers to the set of contiguous domains, from a „ 
ketoacylsynthase fKS", gene to the next acy. earner protein <" ACP') gene, which accomp.ishes 
onecyc.eofpo.y h etid e chainex,ens,on. The term "combinatory, module" is used to refer to any 
> group of cont,guous domains (and doma.n pans,, extending from a frrst point .n a firs, natura, 
moduie. to a second equivalent pent in a second natura, modu,e. The firs, and second points w, 
general* be in core doma.ns which are presen, in a„ modules, i.e. . both at equivalent po ( nts of 
respective KS. AT (acy, transferase,. ACP domams. or in .inker r eg ,ons between domams. 

Figure 2 shows the organisation of the erythromycin producmg PKS. (also known as 6- 
deoxyerythronolide B synthase. DEBS, genes. Three open reading frames encode the DEBS 
polypeptides. The genes are organised in six repeated units debated modules The first open 
reading frame encodes the first multi-enzyme or cassette (DEBS1) which consists of three 
modules: the loading module <fiQH oad) and two extension modules (modules 1 and 2). The 
toading modute comprises an acy. transferase and an acy. earner protein. This may be contrasted 
with Figure 1 of W093/13663 (referred to below). This shows 0RF1 ,o consist of only two 
modules, the first of which is in fad both the loading module and the first extension module. 

H-frame detet™ of the DNA encoding part of the ketoreductase domain of module 5 in 
DEBS has been shown to lead to the formation of erythromycin analogues 5.6<fideoxy-3- 
-mycarosy.-5oxoerythrono.ide B. S.S^ideoxy^xoerythronoHde B and 5.6K,ideoxy-6.6 
-epoxy^xoenrthronohdeB (Donadio. S. eta, Scence. (1991) 252.675-679) L,kew,se. 
alteram of active s,te residues m the enoylreductase doma,n of modu.e 4 ,n DEBS, by genet,c 
engmeenng 0 f the corresponds PKS^ncoding DNA and .,s mtroduct™ into 
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Saccharopolyspora erythraea. led to the production of 6.7-anhydroerythromycin C (Donadio S. et 
al Proc Natl. Acad. Sci. USA (1993) 90:71 19-7123) 

International Patent Application number WO 93/13663. which is incorporated herein by 
reference in its entirety, describes additional types of genetic manipulation of the DEBS genes 

5 that are capable of producing aftered polyketides However, many such attempts are reported to 
have been unproductive (Hutchinson C R. and Fujii. I. Annu. Rev. Microbiol. (1995) 49:201-238. 
at p 231). The complete DNA sequence of the genes from Streptomyces hygroscopicus that 
encode the modular Type i PKS governing the biosynthesis of the macrocyclic 
immunosuppressant polyketide rapamycin has been disclosed (Schwecke. T. et al. (1995) Proc. 

id N atl. Acad. Sci. USA 92:7839-7843) (Figure 3). The DNA sequence is deposited in the 
EMBL/Genbank Database under the accession number X86780 

Although large numbers of therapeutically important polyketides have been identified, 
there remains a need to obtain novel polyketides that have enhanced properties or possess 
completely novel bioact.vity. The complex polyketides produced by modular Type I PKSs are 

15 particularly valuable, in that they include compounds with known utility as anthelmintics, 
insecticides, immunosuppressants, antifungal, and/tor antibacterial agents. Because of their 
structural complexity, such novel polyketides are not readily obtainable by total chemical synthesis, 
or by chemical modifications of known polyketides. One aspect of the invention arises from our 
appreciation that a Type I PKS gene assembly encodes a loading module which is followed by 

20 extension modules. It is particularly useful to provide a hybrid PKS gene assembly in which the 
loading module is heterologous to the extenston modules and is such as to lead to a polyketide 
having an altered starter unit. This is a concept quite unknown to the prior art since this does not 
recognise the existence of loading modules W093/13663 refers to altering PKS genes by 
inactivating a single function (i.e. a single enzyme) or affecting "an entire module" by deletion. 

25 insertion, or replacement thereof. The loading assembly, in their terms, is not a module. 

if the loading module is one wh.ch accepts many different carboxylic acid units, then the 
hybrid gene assembly can be used to produce many drtferent polyketides For example, a hybrid 
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gene assembly may employ nucleic acid encoding an a* .oadmg module win ejy. extender 
modules A loading module may accept unnatural acid units and derivatives thereof; the ayr 
loading module is particular* useful in this regard (Dulton eta... (1991) J. Antibiot., 44:357-365). 
in addition, it is possible to determine the specificity of the natura. loading module for unnatural 
5 starter units and to take advantage of the relaxed speaficity of the loading module ,0 generate 
novel poiyketides. Thus, another aspect of this invention is the unexpected ability of the er, 
loading module to incorporate unnatural carboxyl.c acrds and denvatives thereof to produce novel 
erythromycins ,„ erythromycin-producing strains containing only OEBS genes. Of course one may 
a.so make alterations with.n a product polyketide particularly by rep.ac.ng an extension module by 
one that gives a ketide unit at a different oxidation state and/or w„h a different stereochemistry It 
has generally been assumed that the stereochemistry of the methyl groups in the potyket.de chain 
is determined by the acyltransferase. but it is. in fact, a feature o» other domains of the PKS and 
thus open to variation only by replacement of those domains, mdividually or by module 
replacement. Methyl and other substftuents can be added or removed by ^transferase domain 
replacement or total module replacement. Consequently, it also becomes apparent to those 
skilled in the art that it is possible to combine the use of the relaxed substrate specificity of the 
erythromycin loading module with extension module replacement and hybnd loading module 
substitution with extension module replacement as a mechanism to produce a wide range of novel 
enrfhromycins Thus, this invention describes the products of novel erythromycins by non- 
transformed organisms and also such gene assemblies, vectors containing such gene assemblies, 
and transformant organisms that can express them to produce novel erythromycins in transformed 
organisms Transformant organisms may harbour recombinant plasmids. or the plasmkfs may 
integrate. A plasmid with an /resequence will integrate into a specific attachment site (art, of a 
host's chromosome. Transformant organisms may be capable of modifying the initial products. 
e.g. , by carrying out all or some of the biosynthet-c modifications normal in me production of 
erythromycins (as shown ,n Figure 2B ) However, use may be made of mutant organisms such that 
some of the norma, pathways are blocked. eg,o produce products without one or more "natural" 
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hydroxy-groups or sugar groups, for instance as described in WO 91/16334 or in Weber et al. 
(1985) J. Bactenol 164:425-433 which are incorporated herein by reference .n their entirety. 
Alternatively, use may be made ol organisms in which some of the normal pathways are 
overexposed to overcome potential rate-limiting steps in the production of the desired product. 
5 for instance as described in WO 97/06266 which .s incorporated herein by reference in .ts entirety. 
This aspect of the method is largely concerned with treating PKS gene modules as 
building blocks that can be used to construct enzyme systems, and thus novel erythromycin 
products, of desired types This generally involves the cutting out and the assembly of modules 
and muni-modu«e groupings. Logical places for making and break,ng intermodular connections are 
,o be m the linking regions between modules. However. ,t may be preferable to make cuts and joins 
actually within domains (i.e.. the enzyme-coding porttons). close to the edges thereof. The DNA ,s 
highly conserved here between all modular PKSs. and this may aid .n the construct™ ot hybrids 
that can be transcribed. It may also assist m maintaining the spacing of the active saes of the 
encoded enzymes, which may be important. For example, .n producing a hybrid gene by replacing 
,5 the ery. loadmg module by an a* loading module, the eiy module together with a small amount of 
the following ketosynthase (KS) domain was removed. The start of the KS domain (well spaced 
from the active site) is highly conserved and therefore provides a suitable splicing site as an 
alternative to the linker region between the loading domain and the start of the KS domain. The 
excised en module was then replaced by an ayr loading module. 
20 in fact, when substituting a loading module, it may be desirable to replace not just the 

loading module domains (generally acyl transferase (AT) and acyl carrier protein (ACP)). but also 
the KS at the start of the following extension module. Typically, the excised loading module would 
have provided a propionate starter, and the replacement is intended to provide one or more 
different starters. Propionate, however, may feed into the KS of the extension module from a 
25 prop.onate pool m the host cell, leading to dilution of the desired products. This can be largely 
prevented by substring an extended loading module including all or most of the KS domain. 
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(The splice site may be in the end region ot the KS gene, or early in the following AT gene, or the 
linker region between them.) 

When replacing "modules one is not restricted to "natural" modules. For example, a 
"combinatorial module" to be excised and/br replaced and/or inserted may extend from the 
5 corresponding domain of two natural-type modules, e.g.. from the AT of one module to the AT of 
the next, or from KS to KS. The splice ates w,ll be in corresponding conserved marginal reg,ons or 
.n linker reg,ons. A combinatorial module can also be a double' or larger multiple, for adding 2 or 
more modules at a time. 

In a further aspect, the invention provides novel erythromycins obtainable by means of the 
) previous aspects. These include the following: 

(0 An erythromycin analogue (being a macrolide compound with a 14-membered nng, ,n 
which C- 13 bears a side-cham other than ethyl, generally a straight chain C3-C6 alkyl group, a 
branched C 3 <: 8 alkyl group, a C 3 -C 8 cyctoalkyl or cycloaikenyl group (optionally substituted, e.g. . 
with one or more hydroxy. C , . 4 alkyl or alkoxy groups or halogen atoms), or a 3-6 membered 
heterocycle containing O or S. saturated or fully or partially unsaturated, optionally substituted (as 
for cycloalkyl). or R, is phenyl which may be optionally substituted with at least one substituent 
selected from C.-C, alkyl. C,-C. alkoxy and C,-C 4 alkytthio groups, halogen atoms, trifluoromethyl. 
and cyano. or R, may be a group with a formula (g) as shown below 



H 



(oy.. , (ch 2 ), 




wherein x is O. S or -CH,-. a. b. c. and d are each independently 0-2 and a * b + c + d < 5 Preferred 
candidates tor the C- 13 substrtuent R are the groups of carboxylate units RCOOR\ usable as 
substrates by an m starter module, or rapamycm starter vanants. Preferred substrates are the 
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carboxylic acids RCOOH. Alternafve substrates that can be effectively used are carboxylic acid 
sa»s. carboxylic acid esters, or am,des Preferred esters are N-acetyi-cysteamine th,oesters which 
can read-.y be ut.Hsed as substrates by the m starter module as illustrated by Dutton et a., in EP 
0350187 which is incorporated herein by reference in rts entirety. Preferred am.des are N-acyl 

5 imidazo.es. Other aiternative substrates that may be used are derivatives wh,ch are oxufetive 
precursors for the carboxylic acds; thus, for example suitable substrates would be amino acids of 
the formula RCH( N H,)COOH. g *oxy.ic acds of the formu.a RCOCOOH. methy.am.ne derivatives of 
(he formula RCH ? NH, methane, denvat.ves of the formula RCHjOH, aldehydes of the formula 
RCHO or substituted a.kanoic acids of the formula R(CH,) n COOH wherein n ,s 2. 4. or 6. Thus 

.» examples of preferred substrates ,nc.ude .sobutyrate (R-Pr) and 2-methylbutyrate (R.1 - 
methylpropyl). Other possibi.it.es include n-butyrate. cyclopropy. carboxylate. cyclobutyl 
carboxy. a te. cyclopenty. carboxylate cydohexyl carboxylate. cyCoheptany. carboxy.ate. 
cyciohexeny. carooxyiates, cyclohepteny, carboxylates. and nng-methylated vanants of the cyclic 
carboxylates and the aforementioned derivatives thereof. 

,5 The erythromycin analogue may correspond to the initial product of a PKS (6- 

deoxyerylhrono.k*) or the product alter one or more of the normal bathetic steps. As shown 
in Figure 2b these comprise: 6-hydroxy.at.on: 3-0-glycosylation; 5-0-g.ycosylation: 12- 
hydroxylation; and specific sugar methyiation. 

Thus, the analogues may .nciude those corresponding to 6Kleoxye.ythrono.ide B. 

ao erythromycin A. and the various intermediates and alternates (although not limrted to those) 
shown in Figure 2b. 

(ii) Erythromycin anatogues differing from the corresponding natural' compound (Figure 
2b) in the oxidation state of one or more of the ketide units (i.e. se.ection of a.ternatives from the 
group: -CO-. -CH(OH)-. =CH-. and -CH 2 -). 
25 The stereocr.em.stry of any -CH(OH)- .s also independently selectable 

(m) Erythromycin analogues d.ffer.ng from the corresponding natural' compound in the 
absence of a 'natural methy. s.de-cha.n (This is ach.evab.e by use of a variant AT) Norma. 
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specif icty. for example, the loading module of the avermectin (avr)-producing PKS of 
Streptomyces avermitilis; or those toading modules possessing an unusual specificity, for 
example, the loading modules of the rapamycin-. FK506- and ascomycin-producing PKSs. all of 
which naturally accept a shikimate-derived starter unit. Unexpectedly, both the untransformed 
5 and genetically engineered erythromycin-producing organisms when cultured under suitable 
conditions have been found to produce non-natural erythromycins, and where appropriate, the 
products are found to undergo the same processing as the natural erythromycin. 

In a further aspect of the present invention, a plasmid containing "donor" PKS DNA is 
introduced into a host cell under conditions where the plasmid becomes integrated into the DEBS 
10 genes on the chromosome of the erythromycin-producing strain by homologous recombination, to 
create a hybrid PKS. A preferred embodiment is when the donor PKS DNA includes a segment 
encoding a loading module in such a way that this loading module becomes linked to the DEBS 
genes on the chromosome. Such a hybrid PKS produces valuable and novel erythromycin 
products when cultured under suitable conditions as described herein Specifically, when the 
15 loading module of the DEBS genes is replaced by the loading module of the 

avermectin-producing (avr) PKS. the novel erythromycin products contain a starter unit typical of 
those used by the avr PKS. Thus, when the loading module of the ery PKS is replaced by the avr 
loading module, Saccharopolyspora eryttuaea strains containing such hybrid PKS are found to 
produce 14-membered macrolides containing starter units typically used by the avr PKS. 
20 U is unexpected that the 14-membered macrolide polyketides produced by such 

recombinant cells of S. erythraea are found to include derivatives of erythromycin A, showing that 
the several processing steps required for the transformation of the products of the hybrid PKS into 
novel and therapeuticalr/valuable erythromycin A derivatives are correctly carried out. A further 
aspect of the present invention is the unexpected and surprising finding that transcription of any 
of the hybrid erythromycin genes can be specifically increased when the hybrid genes are placed 
under the control of a promoter for a Type II PKS gene linked to a specific activator gene for that 
promoter it is particular* remarkable that when a generally engmeered cell containing hybrid 



25 
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erythromycin genes under such control is cultured under conditions suitable for erythromycin 
production, significantly enhanced levels of the novel erythromycin are produced. Such specific 
increases «n yield of a valuable erythromycin product are also seen for natural erythromycin PKS 
placed under the control of a Type II PKS promoter and activator gene. In a preferred embodiment. 
5 des.red genes present on an SCP2^erived plasmid are placed under the control of the 
bidirectional actl promoter derived from the actinorhodin biosynthetic gene cluster of 
Streptomyces coelicolor. and in which the vector also contains the structural gene encoding the 
specific activator protein Act ll-orf 4. The recombinant plasmid is introduced into 
Saccharopolyspora erythraea. under conditions where erther the introduced PKS genes, or PKS 
o genes already present in the host stram. are expressed under the control of the actl promoter. 

Such strains produce the desired erythromycin product and the activator gene requires 
only the presence of the specific promoter in order to enhance transcnptional efficiency from the 
promoter. This is particularly surprising in that activators of the Act(l-orf4 family do not belong to a 
recognised class of DNA-binding proteins. Therefore it would be expected that additional proteins 
or other control elements would be required for activation to occur in a heterologous host not 
known to produce actinorhodin or a related isochromanequinone pigment. It is also surprising and 
useful that the recombinant strains can produce more than ten-fold erythromycin product than 
when the same PKS genes are under the control of the natural promoter, and the specific 
erythromycin product is also produced precociously in growing culture, rather than only during the 
transition from growth to stationary phase. Such erythromycins are useful as antibiotics and for 
many other purposes in human and veterinary medicine. Thus, when the genetically engineered 
cell is Saccharopolyspora erythraea. the activator and promoter are derived from the actinorhodin 
PKS gene cluster and the actl/actll-orf4-regulated eryPKS gene cluster is housed in the 
chromosome, following the ^specific integration of a low copy number plasm* vector, culturing 
of these cells under suitable conditions can produce more than ten-fold total 14-membered 
macrol.de product than in a comparable strain not under such heterologous control When ,n such 
a genetically engineered cel. of S. erythraea the PKS genes under this heterologous control are 
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hybrid Type I PKS genes whose construction is described herein, more than ten-fold hybrid 
polyketide product can be obtained compared to the same hybrid Type I PKS genes not under 
such control Specifically, when the hybnd Type I PKS genes are the ery PKS genes in which the 
leader module is replaced by the avr loading module, a ten-told increase is found in the total 
amounts of novel 14-membered macrolides produced by the genetically engineered cells when 
cultured under suitable conditions as described herein. 

The suitable and prelerred means of growing the untransformed and genetically- 
engineered erythromycin-produc.ng cells, and suitable and preferred means for the isolation, 
identification, and practical utility of the novel erythromycins are desenbed more fully in the 
examples. 

s ummary of the Invention 
The present invention relates to compounds of the formula 1: 



N(CH^ 2 




R 8 = H or 





1 



R 10 =OHor 

HjC ORia 

and to pharmaceutically acceptable salts thereof, wherein: 

R, is an alpha-branched C,-C, alkyl. alkenyl, alkynyl. alkoxyalkyl or alkylthioalkyl group any of 
which may be optionally subsisted by one or more hydroxy! groups; a C 5 -C, cydoalkylalkyl group 
wherein the alkyl group is an alpha-branched C,-C 5 atkyl group: a C 3 -C„ cycloalkyl or C 5 -C 8 
cycloalkenyl group, either of which may optionally be substituted by methyl or one or more 
hydroxyl. or one or more C,-C, alkyl groups or halo atoms: or a 3 to 6 membered oxygen or sulphur 
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) 



containing heterocyclic ring wh,ch may be saturated, or fuiry or part.al.y unsaturated and wh,ch may 
opt (0 nal.y be substituted by one or more Chalky, groups or hato atoms; or R, i S phe ny, which 
may be op.iona.ly substituted with a, .east one substrtuent selected from C^. a,Ky.. c^ 4 alkoxy 
and C,<: 4 a. kylthio groups, halogen atoms, tnfluoromethyi. and cyano; or R, may be a groups a 
5 form ula (a) as shown below : 



■ KI 

wherein X is O. S or -C Hj , a. b. c. and d are each independently 0-2 and a + b + c + d < 5 

R,.s H or OH; R 3 -r s are each, independents H. CH 3 . or CH ? CH 3 : R„ is H or OH. and R, is H. 
CH„ orCH ? CH,; R 9 is H or desosam.ne: fl 9 is H. CH 3 , or CH ? CH 5 : R M „ 0 H. mycarose (R M is H) or 
cladinose (R. is CH 3 ), R„ isH;orR m = R,,-0; and R tz is H . CH 3 . or CH S CH 3 

In the above definition. a«ky. groups coming 3 or more carbon atoms may be straight or 
b^chedchai, Hato means fluoro. ch,oro. bromo or ,odo A, P ha- branched means that the carbon 
attached to the C 13 position is a secondary carbon atom linked to two turther carbon atoms, the 
remainder of the alkyl chain may be straight or branched chain. 

Preferred compounds of formula l are those where,n R,R, R 7 , r„ and fl „ are CHj and R> 
is isopropy, or sec-butyl. 2-bu te n. 2 .y, 2-pen te n- 2 - y ,. or 4-methyl-2.penten.2-yt 0 pt,ona«.y 
substtuted by one or more hydroxy, groups. Also preferred are compounds of formula 1 wherein 
^3-^5. R;. R B . and R „ are CH 3 , and R, is C 3 -C 8 cycloalkyl or cycloalkenyl. which may optionally be 
substrtutedbyoneormorehyo.oxy.groupsoroneormoreC^a.ky, groups. In a further group 
of preferred compound, R, is a 5 or 6 membered oxygen or sulphur coning heterocycl* nng 
pa-ticu.ariy a 3-thieny, or 3-fury, ring. which may be op„ona,.y substituted by one or more hydroxy, 
groups, or one or more C,-C« a«cy. groups or hatogen atoms In another group of preferred 
compounds. R,is aC 3<; s alky.thioa.ky. group, pa^ular.y a l-me,hy.th,oethyl group 
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Other specific embodiments of this invention include compounds of formula 2: 

N(CH 3 ) 2 



R 8 = H or 





R 10 = OH or 




,CH 3 



OH 



H 3 C OR13 



and to pharmaceutical^ acceptable saltsthereof. wherein: 

H, is H, C,-C e alkyl. alkenyl. C,-C e alkynyl. alkoxyalkyl or aikylthioalkyl containing from 1 

5 to 6 carbon atoms in each alkyl or alkoxy group wherein any of said alkyl. alkoxy. alkenyl or alkynyl 
groups may be substituted by one or more hydroxyl groups or by one or more halo atoms; or a C 3 - 
Ccycloalky orC^, cycloaikenyl either of which may be optionally substituted by methyl or one or 
more C,-C 4 alkyl groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing 
heterocyclic ring which may be saturated or fully or partially unsaturated and which may optionally 

10 be substituted by one or more C,-C 4 alkyl groups or halo atoms: or a group of the formula SR 14 
wherein R M isC,-C. alkyl. C 2 -C alkenyl. CVCalkynyl, C 3-C,cycloalkyl.C 5 -C. cycloaikenyl. phenyl or 
substituted phenyl wherein the substituerrt is C,-C 4 alkyl. C,-C« alkoxy or halo, or a 3 to 6 membered 
oxygen or sulphur-containing heterocyclic ring which may be saturated, or fully or partially 
unsaturated and which may optionally be substituted by one or more C,-C« alkyl groups or halo 

15 atoms. 

R, is H or OH: R,-R 5 are each independently H. CH s .orCH,CH,; R, is H or OH; andR,isH. 
CH,. or CH,CH,; R a is H or desosamine; R,is H. CH 3 . or CH,CH 3 ; R* «s OH. mycarose (R n is H). or 
cladinose (R t3 is CHJ. R„ is H; or R n = R t! = O. and R 1? is H. CH 3 . or CH 7 CH„ with the prowso that 
when R 3 -R 5 are CH,. R , is CH 3 . R 9 is CH 3 . and R „ is CH then R, is not H or C, alkyl 
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in the above definition, alkyl groups containing 3 or more carbon atoms may be straght or 
branched chain. Halo means fluoro. chloro. bromo or iodo 

Preferred compounds of formula g are those wherein FVR^areCH* R,isCH,. R 9 isCH 3 . 
and R„ isCH,. and R, is SR U wherein R u is methyl or ethyl. In another group of preferred 
5 compounds. R, is methyl, isopropyl. or sec-butyl, which may be substituted by one or more 
hydroxy! groups. In a further group of preferred compounds. R, is branched C,-C, alkyl group 
substituted by one or more hydroxy! groups or one or more halo atoms, particularly 1- 
(trifluoromethyl)ethyl. 

The invention also relates to a pharmaceutical composition for the treatment of a bacterial 
o infection or a protozoal infection in a mammal, fish, or bird which comprises a therapeutically 
effective amount of a compound of formula lor formula 2. or a pharmaceutical^ acceptable salt 
thereof, and a pharmaceutically acceptable carrier. 

The invention also relates to a method of treating a bacterial infection or a protozoal 
infection in a mammal, fish, or bird which comprises administering to said mammal, fish or bird a 
5 therapeutically effective amount of a compound of formula lor formula 2 or a pharmaceutically 
acceptable salt thereof. 

The term -treatment", as used herein, unless otherwise indicated, includes the treatment 
or prevention of a bacterial infection or protozoal infection as provided in the method of the 
present invention. 

As used herein, unless otherwise indicated, the terms 'bacterial infection(s)" and 
•protozoal infection(s)- include bacterial infections and protozoal infections that occur in mammals, 
fish and birds as well as disorders related to bactenal infections and protozoal infections that may 
be treated or prevented by administering antibiotics such as the compounds of the present 
invention. Such bacterial infections and protozoal infections, and disorders related to such 
infections, include the following: pneumonia, otitis media, sinusitus. bronchitis, tonsillitis, and 
mastoiditis related to infection by Streptococcus pneumomae. HaemopNius influenzae, Moraxdla 
catarmalis. Staphylococcus aureus, or Peptostreptococcus spp . pharyngms, rheumatic fever, and 
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g ,omeru.onephritis related to .ntect,on by Streptococcus pyogenes. GroupsC andG streptococc. 
Clostridium d,ptheriae. or Acfnobaallus haemotyticum: resp-ratory tract infections related to 
infection by Mycoplasma pneumon,ae. Legionella pneumophila. Streptococcus pneumoniae. 
Haemophilus influenzae, or CNamyd,a pneumoniae: uncomplicated skin and soft t.ssue infections. 
5 abscesses and osteomyelrtis. and puerperal fever related to infection by Staphylococcus aureus. 
coagulase-positr^siaphyiococcce.. S. epidermidis. S. hemotyticus. etc.). Streptococcus 
pyogenes . Streptococcus agalactiae. Streptococcal groups C-F (minute-colony streptococci), 
vindans streptococci. Corynebactenum minutissimum. Clostridium spp.. or Bartonella henselae; 
uncomplicated acute unnary tract in.ect.ons related to infection by Staphylococcus saprophytes 
,o or Enterccoccus spp. . urethrit-s and c«vk*»: and sexually transmitted diseases related to 
.nfection by Chlamyd,a trachomatis. Haemophilus ducreyi. Treponema pallidum. Ureaplasma 
ureatyticum. or Ne,serha gonorrheae: toxin diseases related to infection by S. aureus (food 
poisoning and Tox.c shock syndrome,, or Groups A. B. and C streptococci, ulcers re.ated to 
infection by Helicobacter pylori. system* febn.e syndromes related to infection by Borrelia 
,5 recurrent Lymedisease related to infection by Borrelia burgdorferi:^****. Keratitis, and 
dacrocystJtis related to infection by Ch,amydia trachomatis. Neisseria gonorrhoeae. S. aureus. S. 
P neumon,ae. S. pyogenes. H influenzae, or Listena spp, disseminated Mycobactenum avium 
comp.ex (MAC) disease related to .nfection by Mycobacterium avium, or Mycobactenum 
intracellulare-.gastroenems re.ated to .nfection by Campylobacter jejuni: intestinal protozoa 
20 rented to infection by Cryptospondium spp, odontogenic infection related to infection by viridans 
streptococci; persistent cough related to infection by Boroetella pertussis:*** gangrene related to 
infection by Clostridium periringenso: Bacteroides spp, and atherosderosis re.ated to infection 
by H^cooacterpy to norC rt /amyd,a pneumoniae Bacterial infections and protozoa, infections and 
disorders related to sucn "infections that may be treated or prevented in anima.s include the 
,5 fol.ow.ng: bovine resp.ralory disease related to .nfection by P. haem.. P. multoada. Mycoplasma 
tov.s. or Bordetella spp . cow entenc d.sease related to infect.on by E. «*or protozoa (i.e.. 
cocadia. cryptospond-a. etc.,. dary cow mast,t,s related to .nfect.on by Staph aureus. Strep 
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spp. »»n, rasp™,,,, aisease re , a , M „ ^ oy a pleuro.. P mlKci3a . or UmMsm . 
spp. : m emer* aiseasa ,e,a,ea „ ( „ (ediM , * e ML ^ ^ 

cow ,00.0, re** «o Ne«on 0 y „ :ammmi , 
5 re,a,ea ,o ,n,ec*,n * e M „ hal(y ^ ^ „ ^ ^ 

or Baches »*«« oo„ ^ ya relatea l0 in)ecton ^ ^ ^ 

aPon to „,e l ,,eo,o W .c Mn o y p r o TO o. {i .„ WS po^ ): ^ lracllrtMfcnlnaoosanacais 
-^.oln^no^^^^^^^^^^^^^^^ 

«•» S(aW . mUmedius , ^ wp ^.^^ ^ 

o mo* infects in aoas ana ca B r«a,ea „ inleam „ ea ,„ OT<laspp 

BM» spp.. a^cte,™. P^e^^ ^, rom<Ma£ „ 

<W«a. «« Oacerla, sections ana protozoa, rtecons a„o dsoraers re,a,eo ,o sucn 

r«err« ,o ,„ J. P Santo,a a, a,. . Th. Sar.,0* Guiae To An,im,c,o,,a, Th«ap y .- «, ^ 

•» "vento can nave «— — . u«» „e , ra a,n,en, „ a , Mase aala3 „ g ^ ^ 
ana atherosclerosis) no, norma,,, associalea tfh bacena, or protozoal imectens. 

vvn W „ SMtelre a 1 a^ a , We ^ oraaiOTaefWaMioa ^ a ^ w 

^•^^-••u««l*.^.. 1 ^ -tollllfclcrtall(il4cw 

«.^«e, M a ta . w ^,. m ,o ) a W a, m a M ^,compc^on^„ 9ffie con, MU „a 
-«apr,a,^^ a c CeptalJ , edi , uemo , cartef . Su cKcompo S «onscan 6 eaa« s , () rea 
oral*. ^ e**r,p,e. as «»«s or caps*s. or parent*. wnfcn incta)es ^ 

ap„ fc a«„o, a ^ppos-tory. Thapnarmac,^ earner -aepar* 
on ,n. ,n,enaea «*>, o, aa^araton For exam* .acose. soa, um c»,a,e. ana sa» S o, 
XMCtac aaa Bg e,ne, « ai^n, a,en B (SU ch as aarcn, ana , u o„c Mng ao«s (su0 , 
as magnet s,eara,e. soa™ , au ,a, sol ,a te . a „o De osea as ,he pnarmace u6 ca»y 
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acceptable earner in tablets. Also, tor use in capsules, useful pharmaceulically acceptable earners 
are lactose and high molecular weight polyethylene glycols (e.g.. having molecular weights from 
2.000 to 4,000). For parenteral use. sterile solutions, or suspensions can be prepared wherein 
the pharmaceutically acceptable earner is aqueous (e.g.. water, isotonic saline, or isotonic 

5 dextrose) or non-aqueous (e.g. . fatly oils of vegetable origin such as cottonseed or peanut oil. of 
polyois such as glycerol or propylene glycol) 

When used in vivo to treat a bacterial infection or orders related to a bacterial infection in a 
mammalian subject, or for treatment of various cancers in humans, (in particular non-small cell lung 
cancer) and olher mammals such as dogs, either orally or parenterally. the usual daily dosage will be 

,o in the range from 0. 1 -100 mg/kg of body weight, especially 0.5-25 mg/kg of body we.ght. in single 
or divided doses. 

The phrase " pharmaceutical acceptable salt(s)". asused herein, unlessotherwise 
indicated, includes sattsof acidicor basic groups which maybe present in the compounds of the 
present invention. The compounds of the present inventbn that are basic in nature are capableof 

15 formirgawidevartetyofsaltswithvarioushorgsnicaridorganicacids The acids that may be used to 
prepare pharmaceutical axeptableacid additon saltsot such basic compounds of are those thd 
form non-toxic scid additbn salts, i.e.. satecontainhg pharmacologicallyacceptabfe anions, such as 
the hydrochloride, hydrobiomide. hydroiodide. nitrate, sulfate, bisurfate, phosphate, acid 
phosphate, isoncotinate. acetate, lactate, stfcylate, citrate, acid citrate, tartrate, pantothenate. 

20 brtartrate. ascorbate. succinate, mdeate. gentisinate.fumarate.giuconate.glucaronde. sacchaate. 
formate, benzoate.glutamate. methanesulfonate. ethanesulfonate. benzenesultonate. p- 
toluenesulfonateand pamoate (i.e.. i.i'-methyene-bis^3-hydroxy-3-naphthoate)] salts 

Those compoundsof the present invention thatare acidicin nature are capable of forming 
base salts with various pharmacologcaHy acceptable cations. Examples of such saltsinclude the 

25 alkahmetaioralkaline earth metalsalts and. particularly. thecaJcium. magnesium, sodium and 
potasaum saltsof the compounds of the present invention. 
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Certan compounds* the present invention may have asyrrmetnc centers and therefore 
ex,st in different enant.ornenc anddiastereomc forms. This ,nvention relies to theuse of al optical 
isomers and stereoisomer the corrpounds of the present .nvention. and mixtures thereof, and to 
allpham^aceuticacompostionsand^ 
5 The present invention mcLdes the compounds of the present invention, and the 

pharmaceuticallyacceptabb saftsthereof. wherein one or more hydrogen, cabon orother atoms n 
replaced by isotopes thereof. Such compoundsmay be useful as research anddiagnostictoote in 
metabolism pharmacokinetic studies aid in binding assays 

Compoundsof thepresent nvention reproduced by fermentation of an untransformed or 
10 transformedorganism capabe of producing erythromycins, including but not Imited to 

Sacch ro polysporaspec.es.Streptomvcesgriseoplanus.Nocard.asp..Micromortospo ra 
Arthobactersp.. and Streptomyces arrtibioticus but excluding S. coeficotor ParticuWy suitable in 
this regard are untransformed and transformedstrainsofSacchanjpolysporaerythraea.forexampte 
NRRL 2338. 16643. 21484. Particular preferred transformed strains are those in which the 
15 erythromycin loading modufe has been replaced with the bading module fromthe avermectin 

producer. Streptomyces avermrtilis. or the rapamycin producer. Streptpmyceshygroscopcus. The 
preferred methodof producing compoundsof thecurrent nvention B by fermentation of the 
appropriate organism in the presenceof the appropriate carboxylic acid of the formulaRl COOK 
whereh R1 is asprevious* defined ,n formulaaior*. orasalt, ester (particularly preferable being the 
20 ^acetylcysteine thioester). orarride thereof or oxidative precursorthereof. The Kid orderivative 
thereof is added to the fermentation either at trie timeof inocuttion oratintervalsduring the 
fermentation. Productionof the corrpounds of this invention may be monitored by removing 
samples from thefermentafon: extracting with an organb solvent and following the appearance of 
the compoundsof this invention by chromatography, forexample ushg high pressure liquid 
25 chromatography Incubation .scomnued unnithe yieldof the compound of formulae ior 2 has 
been maxrm«ed. generallyfor a perbd of 4 to 1 0 days. A preferred level of each adoption of the 
carboxync acid or derivattve thereof ., between 0.05 and 4 0 g/L The besty,ekJs of the compounds 
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(rom formulae lor 2 are generally by gradual adding the acid ordenvative to the fermentation, for 
exampfe by dailyadditionover aperiod of septal days. The medum used forthe fermentation may 
be aoonventiona 1 complexmedium contaning assimilable sources of carbon, nitrogen and trace 
elements. 

5 The suitable and preferred means of growing the untransformed and genetically- 

engmeered erythromyc.n-produc.ng cells, and suitable and preferred means for the isolation, 
identification, and practical utility of the compounds of formulae l and g are described more fully in 
the Examples. 

|() fW pescriDti nn the Q-awinos 

Some embodiments of the invention will now be described with reference to the 
accompanying drawings in which 

Figure 1 gives the chemical formulae of three known polyketides; 
15 Figure 2a is a diagram showing the functioning of 6-deoxyerythronolide synthase B (DEBS), a PKS 
producing 6-deoxyerythronolide B (6-DEB), a precursor of erythromycin A; 
Figure 2b shows post-PKS biosynthesis of erythromycins including the conversion of 6-DEB to 
erythromycin A; 

Figures 3a and 3b are diagrams showing the construction of plasmid pIGl ; 
20 Figures 4a, 4b. and 4c are diagrams showing the construction of plasmid pND30; 

Figure 5 is a diagram showing the construction of plasmid pAVLD; 

Figure € shows the integration of pAVLD into the genome of S. erythraea NRRL2338. 

Figure 7 is a diagram shovying the biosynthesis of rapamycin. 

Figure 8 is a diagram showing the construction of plasmid pM06. 
25 Figure 9 is a diagram showing the construction of plasmid pCJR26. 

Figure 10 is a diagram showing the construction of ptasmid pC-ATX 
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Figure 11 is a diagram showing the construction of plasmid P C-AT12 
Figure 12 is a diagram showing the construction of plasmid pCJR49. 



5 Petailed DflfiPnotinn nf th ft HiyapMffT 

The wide range of starter units accepted by the tt loading module has been 
comprehensively established in prev,ous studies (for example European Patent Applications 0 
214 731 . o 350 187. 0 317 148 which are .corporate* nerem ,n the,r entirety) Consequently i, 
should be understood that the ,nvent,on is not nrmted ,o the spec,,, de,a, of these examples and t hey 
.« simply serve to confirm the effectiveness of the M loadmg module Furthermore, the examp,es 
using the p,Glor P ND30 construct cleahy demonstrate the capabilrty of tne ac, promoter and its 
cognate activator gene actn. 0 rf4 to ehance the express^ of tne novel compounds of this 
invention when linked to the M loading module. It is a.so apparent from the examp.es that 

untransformed strains of Saccharopo^spora ervthraea are also readily capable of tak.ng up 
I5 ^nously-^ Consequen<(y aj§ 

also apparent to those sKi.led in the art that specific novel compounds of th,s invent™ can be 
readify produced by se.ect.on of the appropriate erythromycn producng strain (optionally 
incorporating the P ,G1 or pMD30 plasm* into thedesred stra,n>. and supptementing the 
fermentation with the appropriate starter unit. Thus. 6-deoxyeryihromydn and 6,12- 
) ^erythromycin Natives of the present ,nvent,on can be readily produced using 

Saocharopolyspora erythraea NRRL 18643 or NRRL 21484 as .ndicated ,„ U.S. 5, 141 .926 and 
WO 97/06266. Similarly, use of the Saocharopolyspora erythraea strains described by Weber et a. 
■n J. Bacteno, 164:425-433. 1991 can *so be employed to obta,n the de.red nove. analogues of 
represent .nvention. Forexamp,e, strain UW24 can be used (optionally transformed by p,G1 or 
PNO30) to obtain novel analogues of erythronolide B 

UV spectra were recorded usmg a Hewlett-Packard 1090M d.ode-array 
spectrophotometer A,. NMR spectra were measured in CDC 3 by a vanan Unrty 500 MHz 
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spectrometer unless otherwise indicated and peak positions are expressed in parts per million 
(ppm) downfield from tetramethysilane The peak shapes are denoted as follows: s. singlet; d. 
doublet: t. triplet; q, quartet, m. multiplet; br. broad. The atom number shown in the NMR 
structures is not representative of standard nomenclature, but correlates NMR data to that 
particular example. HPLC-MS data was acquired using a Hewlett-Packard 1090M liquid 
chromatograph interfaced to a VG Platform II mass spectrometer equipped with an APCI source 
(method A) or using a Hewlett-Packard 1050 liquid chromatograph interfaced to a VG Platform II 
mass spectrometer equipped with an APCI source (method B and method C). 



10 HPLC method A : 



15 



Column 
Flow 

Mobile phase 



Beckman Ultrasphere 5 urn ODS 4 mm x 25 cm 
0.85mL/mm 

Gradient: acetonitrile:0.05 M ammonium acetate (28:72) 
to acetonitrile:0.05 M ammonium acetate (50:50) over 22 
minutes, maintain acetonitrile:0 05M ammonium acetate 
(50:50) 22-25 minutes: return to initial conditions 25-30 
minutes. 



HPLC method B: 
20 Column 
Flow 

Mobile phase 



MetaChem Inertsil 5 urn C8 3 mm x 1 50 mm 
0.5mL/min 

Isocratic: methanol:0.05 M ammonium acetate with 0. 1 % 
trifluoroacetic ackJ (60:40) 



25 HPLC method C : 

Column 



Waters Symmetry Sum C 1 8 2 t mm x 1 50 mm 



SUBSTITUTE SHEET (RULE 26) 



WO 98/01571 



22 



PCT/GB97/01810 



Fl ° w 0.22mUmin 

Mobile phase Gradient, acetonitrile.0.05 M ammonium acetate (30:70) 
to acetonitrile:0.05 M ammonium acetate (50.50) over 30 
minutes. 

Use is made of the following media and solutions: 
SucrosB-finrrnnatfl fr ft < inffd ^ium 

sucrose 69 g 

KN0 3 10g 

succinic acid 2.36 g 

KH 2 P0 4 2.7 g 

MgS0 4 .7H 2 0 1.2 g 

ZnC, 2 lOmg 

Mnd 2 .4H 2 0 6.2 g 

CuCi 2 .2H 2 0 0.53 mg 

CoC, 2 0.55 mg 

FeSO 4 .7H 2 0 2.5 mg 

Caa 2 .2H 2 0 38 mg 

milli-Q water to 1.0 L 

K0H to pH 6-6.4 

Tan water 



glucose 

tryptone 5 g 

yeast extract 2.5 g 



5g 



EDTA 



36 mg 
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tap water to 1.0 L 

KOH topH7.1 

FRY-P medium 

5 dextrose 50g/L 

Nutnsoy™ flour 30g/L 

(NH4)2S04 3 g/L 

NaCI 5 g/L 

CaC03 6 g/L 
to pH adjusted to 7.0 

Nutrisoy™ flour is purchased from British Arkady Group. Skerton Road. 
Manchester. UK 

15 The present invention is illustrated by the following examples. 

Example 1a - Construction of Plasmid dIG1 

Plasmid pIGi consists of an SCP2*«derived plasmid containing a hybrid Type I PKS gene 
comprising the avr loading module in place of the ery loading module, the first two extension 
modules of the ery PKS and the thioesterase of the ery PKS. This is constructed via several 

20 intermediate plasmlds as follows (Figure 3). 

(i) Construction of Plasmid pVE3 4 
Plasmid pVEl 446 which contains a portion of the avermectin (avr) PKS genes was obtained from 
E. coli strain ATCC 68250 (MacNeil, D J. et al. Ann. K Y. Acad. Sci (1994) 721 : 123-1 32). Plasmid 
pVE1446 was digested with BamHl and the 7.6 kbp fragment between coordinates 32.15 and 

25 3.40(MacNeil. O J et al. Ann. N Y Acad. So. (1994) 721:123-132) was purified by gel 

electrophoresis and recircularised The mixture contained the desired plasmid pVE3.4 which was 
isolated after transformation of E. coli strain TGlrecO (constructed by Dr P Oliver, Dept. of 
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Genetics. U. Cambridge; Kolodner. R. el al. J. Bactenol. (1985) 163 1060-1066. T Gibson. Ph.D. 
Thesis. U. Cambridge. 1985. 

(ii) Construction of playr^ pMrfl-^ 

Piasm.d pBK25 (Bevitt. D. J. et al. Eur. J. Biochem. (1992) 204:39^9) was digested with Ncol and 
the 12 kbp fragment was end-repaired and ligated into plasmid P UC18 which had been unearned 
with Smal. The ligation mixture was transformed into E. cot. TG 1 recO and individual colon.es were 
checked fcr their plasmid content. The desired plasmrd P NC012 was identified by its restriction 
pattern 

Oil) Construction nf Plasmid nTR.^ 
Plasmid pCRabc (Figure 3) was constructed as follows Three separate PCR reactions were 
conducted: First, 20 pmol each of synthetic oligonucleotides A1 (5'-CTC GTC GGT GGC TTT 
GCG-3 ) and A2 (S'-CCCGGG AAA AACGAAGACTAG TGGCGC GGA CGGCCG-3') were used to 
amplify a 1.0 kbp product from 100 ng pNCC-1 2 template. The PCR product was end-repaired, 
phosphorylated and cloned into Smal^cut P UC18 to obtain plasmid pCRa. Secondly. 20 pmol each 
of synthetic oligonucleotides Cl <5'-CACGCGCAGCGCGGCGGA-3-) and C2 (5'-CGAA CCG CTA 
GCG GTC GTC GCG ATG GCC T-3') were used to amplify a 1.5 kbp product from 100 ng pNC012 
template. The product was end-repaired, phosphorylated and cloned into Smal-cut P UC18 to 
obtain plasmid pCRc. Thirdly, 20 pmol each of synthetic oligonucleotides B1 
(5'-GTGGCXXGGC(XaT(XGCGCCACTAGTCTTCGTTTTT-3') and B2 (5'-AAC 
AGCTAGCGGTTCGTCCGCCGCTGCCGTGCC-3') were used to amplify a 1 4 kbp product from 100 
ng pVE3.4 template. The product was end-repaired, phosphorylated and cloned into Smal-cut 
pUC 1 8 to obtain plasmid pCRb 

Plasmid pCRa was digested with Hindlll and Spel and the 1 .0 kbp insert was ligated with 
plasmid pCRb previously digested with Hindlll and Spel. to obtain plasmid pCRab. Plasmid pCRc 
was digested wrth Nhel and EcoRl and the 1 5 kbp insert was (.gated with plasmid pCRab 
previously digested with Nhel and EcoRl to obtain plasmid pCRabc 
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f :.,|^ n c« rug tinn nf Plasmjrt pNEWAVETE 

Plasmid pCRabc was digested with Mtel and Sfil and the DNA fragment containing the loading 
domain of the avr PKS was purified by gel electrophoresis and ligated with plasmid pNTEP2 which 
had been digested with Mtel and Sfil and the larger fragment purified by gel electrophoresis. The 
5 ligation mixture was transformed into E. coli TG1 recO and individual colonies were checked for 
their plasmid content. The desired plasmid pNEWAVETE (13.7 kbp) was .dentified by its 

restriction pattern. 

{^ry jnsn-iiRtion of Plas mid dRM52 
Plasm.d pRM52 is a derivative of plasmid P RM5(McDaniel. R. et al. Science. (1993) 

!0 262:1546-1550). pRM5wasfirst linearised by digestion with Ndel. end-repaired and then 

religated to produce P RM51 . pRM51 was cut with Pad and Nsil and the large Pacl-Nsil fragment 
was isolated and ligated to a short double-stranded oligonucleotide linker containing an Ndel site 
and constructed from the synthetic oligonucleotides 5'-TAAGGAGGACACATATGCA-3' and 
S'-TAATTCCTCCTGTGTAT^ which were annealed together The ligation mixture was 

1 5 transformed into E. coli TGIrecO and isolated colonies were screened for their plasmid content. 
The desired plasmid (19.6 kbp) was identified by its restriction map and was designated pRM52. 

(\ri) fiop« rtmrtion of Pla smid DlG1 
Plasmid pNEWAVETE was digested with Ndel and Xbai and the insert was purified by 
sedimentation on a sucrose gradient. The purified insert was ligated into plasmid pRM52 (1 9.6 

20 kbp) which had been digested with Ndel and Xbal. and the vector purified by sedimentation on a 
sucrose gradient. The ligation mixture was used to transform E. coli and individual colon.es were 
checked for their plasmid content. The desired plasmid plG1 was identified by its restriction 
pattern. 

f ttamnte 1h - Constn , ■rdnn of Plasmid DND30 
25 Plasmid pND30 consists ol an SCP2'<ierived plasmid containing a hybrid Type I PKS 

gene compns-ng the avr loading module .n place of the ery loading module, the f,rst two extens.on 
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mM u» S c,meeo,PK S an<„ h e, t , to es,e,a S eo ( , l „e^PKS.Th,s 1 scon S , WMvjas , vefal 
intermediate plasmids as follows (Figure 4). 

pGiR .01 (Figure 4, is a shuttie ^ cons»ucted „ „, UJM „ ^ ^ ^ ^ 

5 acanomyce.es. "-iudasaCoiBu^n^io,,,.^^^ ^ . „ SCP2 . ^ „ py 
«*. s^yces repl,con (abb . M arM Hopwja d a . , ^ MiOTtM , () W) 
-^.andthe ac,,od4 -p.,. ,heac,c*ste,wh K h MWK ^ ^ ^ 

""***■ " e " am " k,n *'° m ' th,^^ 
rn Wll u m ,,isco«™c, M as to , to ws:anappro„r„a^ 9 70 6 pONA ( ,a 8 ™„ tlrorncMF , 015 

amplilied o, PGR. using as primers ,ne syn.he.ic ol,,onucleo.ioes: S'-ACT ACT CCA CTG CCT 
CTCGGT AAA ATC CAG C-3' and 5-CTT AAG AGG GGC TCCACC GCG TTC ACG GAC-3' which 

repaired Aa», site Plasm* pud 9 to yieid ^ ^ An M ^ 

(Parr.. V. eta, AcidsRes. „*,„ , 9:2623 . s627 , using as prime,* the synwac 
oligonucleotides 5'-ACA TTC TCT ACG CCT AAG TGT TCC CCT CCC TGC CTC-3' and 5'-GTG ATG 
TAT GCT CAT ATG TGT CCT CCT TAA TTA ATC GAT GCG TTC GTC CGG TG-3'. which also 

with the plasmid rjCJR 18 previously cut with Ndei and Atlii, to generate ptasmid pCJRto. A 1 . hop 

primers .he oligonucleotides S'-TGA ACA CCA AGC TTG CCA GAG AGCGACGACTTC CCC-3' 
and 5*-GAC AGA TTG CAT GCC CTT CGA GGA GTG CCC GCC CGG-3' which also introduces 
^H«,,,ar USW , !Ms ThePC B prod U c,,sd tt es,ed > ,,hH i nd,,,a M Sph,a WW ed„i m 

^ed m ,hBamH,andSs„a„d.he,ragm e ™ C o„, a „„ gawwno „ ne ,^ Bcusanat(ie 
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origin of replication (Lydiate. D. J. et al. Gene (1985) 35:223-235) is ligated into pUC19 digested 
with BamHI and Sstl to generate the Afunctional plasmid pCJR16 (14.7 kbp). Piasmid pCJR24 is 
digested with Sail and Sphl. the two larger fragments from the digest are purified by gel 
electrophoresis, and combined in a four-component ligation with plasmid PCJR16 which has been 

5 digested with Xhol and Sphl The ligation mixture is used to translorm Streptomyces lividans and 
colonies are selected in the presence of thiostrepton. One such colony is shown to contain the 
desired plasmid pCJRiOl (approx 12 4 kbp). identified by its restriction pattern. 

t\\\ Construction of Plasm id oCJR29 
The construction of plasmid pCJR29 is illustrated in Figure 4. A 1.1 kbp Hindlll-Xhol fragment 

I o containing the tsr gene, which confers resistance to thiostrepton. is obtained by PCR from plasmid 
plJ922 as template, using as primers the oligonucleotides 5-TGA ACA CCA AGC TTG CCA GAG 
AGC GAC GAC TTC CCC-3 and 5-GAC AGA TTC TCG AGC CTT CG A GGA GTG CCC GCC CGG-3' 
which also introduces flanking Hindlll and Xhol sites. The PCR product is digested with Hindlll and 
Xhol and ligated with plasmid pCJR 1 6 which has been digested with Hindlll and Xhol. to generate 

15 plasmid pCJR25. Plasmid pCJR25 is digested with Hindlll and Sphl and ligated with plasmid 

PCJR19 which has been digested with Hindlll and Sphl. to produce the desired plasmid pCJR29 
(approx. I24kbp), identified by its restriction pattern. Plasmid pCJR29 differs from pCJR 101 in 
the orientation of the tsr gene, the actli-orf4 gene and the acti/actlli promoter, with respect to the 
SCP2* -derived origin of replication. 

20 < Construct ion at Plasmid PND30 

Plasmid pNEWAVETE was digested with Ndel and Xbal and the insert was purified by 
sedimentation on a sucrose gradient The purified insert was ligated into plasmid pCJR29 (approx. 
1 2.4 kbp) which had been digested with Ndel and Xbal. and the vector purified by sedimentation 
on a sucrose gradient. The ligation mixture was used to transform E. coli and individual colonies 

25 were checked for their plasmid content. The desired plasmid pND30 was identified by its 
restriction pattern. 
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Example 1C • Constructinn nf r \ mr . n p^jflffi 

Plasmid P M06 (Figure 8) was first constructed in several steps, 
(i) Construing «y V fa m tf nf ^Q 1 

The approximate* 1.3 kbp ona segment „, the efyAI 9ene „, s ^ 
5 n ua eo,,de ,946 ,o nucteotide 3273 „, w (Donaak) , s , al ^ ^ ^ ^ ^ 

CTCCTGGGA AGT.3'an05'<:AACCCTGGCCAQQGAAG ACG AAG ACGG-3'. and plasmid 
pNTEPZasatempiate. The PCR product was end-repaired and ligated with plasmid puc 1 8 whfch 
had heen ..neansed p y digesta, „»h Sma, and then treated w»h aikatine phosphatase The 

their pla^id content. The desired p,asm,d p MO , ,3.9 «,p,. ,„ when , he ^ m ^ 
insert ,s adiacen, ,o the Hind,,, * ,„ ttle p^. was ^ ^ 

W Constru^r 0n P f nl^iH p ^n ? 

The approximator K5p DNAsegmento, *. rapA g ene„,s,,ep»mvces ^ 
.5 extending trom n„c,eo,«e ,643 to npc*™. aa6 „, raP A. wasamptitied o, PCR envying as 
pnmersth, , Mmimg o,^,,^ 5'-TTC CCT GGC CAG GGG TCG CAG OGT G-3' and 5XAC 
CTA GGA OGG OGG ACC ACTCGA C*. and ,he DNA ,rom ,he reeomPinan, bacteriophage W E 
(Sohwecke. T. etal.. Froc. Nan. Acad. Sci. US A ,,995, 93:7639-7843, as the template PCR 
P^ct was end-rep^ed and ^ ^ pUC1e . wn<31 ^ ^ ^ 

E. co. TGI recO and ,n*,«ua. were checked tor thei, MsnM «,„,„„,. The ^ 

Wasmidp«ra2(3.5kb P )^i a e nme< , oytereslncfon 
(ilil Conanirtlnn n) nl agr , M nWpi 

The approximate* t . 7 kb(1 DNA segment o, the eryA, gene „ s,r»hraea extending from 

» -'^"'^^^eSg^ote^Ai^sarn^ed^PCRent^asprirnersthe 
svnthet, o,igon U c,eo.id.s: S'-TGG CCA GGG AGT OGG TGC ACC TAG GCA-3' and S'-GCC GAC 

AGCGA GT a 3 ACGCCGAGTT.3..a^ fl as m ,dpNTEP 2 as,er„„a,eThePCRp,od U c,„asend. 
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repaired and ligated with plasmid pUCl 8. which had been linearised by digestion with Smal and 
then treated wrth alkaline phosphatase. The ligation mixture was used to transform E. coli TG1 
recO and individual colonies were checked for their plasmid content. The desired plasmid pM03 
(4.4 kbp), in which Ball and Avrll sites are adjacent to the Hindlll site of the polylinker. was identified 
by its restriction pattern. 

(iv) Construction o f, plasmid dMQ4 
Plasmid pMOl wasdigested with Hindlll and Ball and the 1 .3 kbp insert was ligated with plasmid 
pM03 which had been digested with Hindlll and Ball. The ligation mixture was used to transform E. 
coli TG i recO and individual colonies were checked for their plasm.d content. The desired plasmtd 
pM04 (5.6 kbp) was identified by its restriction pattern. 

M Construction of plasmid dMQ5 
Plasmid pM04 wasdigested with Stul and the 3.0 kbp insert was ligated with plasmid pNTEP2 
which had been digested with Stul and purified by gel electrophoresis to remove the 3.8 kbp 
insert. The ligation mixture was transformed into E.coli TG1 recO and individual colonies were 
checked fortheir plasmid content. The plasmid pMOS (12.8 kbp) was identified by its restriction 
pattern. 

MlT.nn«truetion of plasmid oMQ6 
Plasmid pM02 was digested with Ball and Avrll and the insert was ligated with plasmid pM05 which 
had been digested with Ball and Avrll. The ligation mixture was used to transform Ecoli TG1 recO 
and individual colonies were checked fortheir plasmid content. The desired plasmid pM06 (135 
kbp) was identified by its restriction pattern. 

ftrinmnfitnirtinn of plasmid oCJR26 
Plasmid pCJR26 is an SCP2* based plasmid containing a PKS gene comprising the ery loading 
module, the first and second extension modules of the ery PKS and the ery chain-terminating 
thioesterase. except that the DNA segment encoding the methylmalonyl-CoA:ACP 
acyltransferase within the first extension module has been specifically substituted by the DNA 
encod.no the malonvl-CoA:ACP acyltransferase of module 2 of the rap PKS It was constructed as 
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Example iri.r, 



action pf 3 wvihr— .^/h. : r ~ ^ pmdt>rfiftn „ Tf f| ^ 

P '^P^wa Suse dto^^ 

-stan, coion.es were seiected on R 2T20 med, U m comaimng , 0 „ g/m( „ ^ 

clones were tested for the presence of p C JR26 integrated into th- ,h 

M ,nteQ rated into the chromosome by Southern blot 

« hybr.disat.on of their genomic DNA with OlG-labelled DEBS1-TE gene. 

A Cone with an .ntegrated copy of P CJ»26 was grown , SSM medium, conta-ning 5^, 

toremovemyceliaandthepHwasadiustedtopHS The broth was exacted twice with two 
volumesofethW acetate and the combined ethy, acetate extracts were washed with an e q ua, 
^----^^^^^^^^ 

wasremovedunderreducedpressure.tog.veaboutSOOmgofcrudeproduc, The products were 
shown to be ( 2S . 3R. SRJ^-methyNa.S-dihydroxy-n-hexano.c acid lactone and <2S. 3R. 5R,-2- 
fT>ethyl-3.5-dihydroxy-n-heptanoic acid ft -lactone: 





SamgLe le ■ Cnn^, MlT ,^ r , s r-ry,^-,,-, NRR , 233fl/nP , n „ 

x — ^ ™P"L <£ .ttBrpU)R26 and its us? m productmp o f m. 

rngrpi iered marrp ii^ ffc 
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Approximately 5 mg pCJR49 ONA was used to transform S erythraea NRRL2338 
protoplasts to give a strain in which the plasmid is integrated into the chromosome. From several 
colonies, total ONA was obtained and analysed by Southern hybridisation to confirm that the 
plasmid has integrated in module 2 of EryAI to give a novel macrolide biosynthetic pathway. 

5 Further integrations had occurred to give repeated plasmid sequences. S erythraea NRRL 2338 
/pCJR49 was inoculated into tryptic soy broth containing 5mg/ml thiostrepton and incubated at 
30°C for three days. 1 00 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium containing 5mg/ mL thiostrepton in 5 x 2 L flasks each containing 500mL medium 
with 2 springs to aid dispersion and shaken at 300 rpm. After a further 5 days of growth the 

id cultures were centnfuged and the pH of the supernatant adjusted to pH 9 The supernatant was 
then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC/MS and two macrolides were identified as the 
erythromycin analogues 
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Example if - Construction of plasmid dC-ATX 



Plasmid pC-ATX is an SCP2* based plasmid containing a PKS gene comprising the ery 



loading module, the first and second extension modules ot the ery PKS and the erv chain- 
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,e™,na„„ g m^se. e»cep, ,na, ONA se g men, enc M ,n g , he me„,y,m afo ny,.CoA AC P 

=nco* 9m e W .,CP3c^ a ^, romaWelreelpKS8enec , usier 
-o. S„ ep ,oi„yces clnnan^ ATCC , 45 , 3 ^ ^ ^ ^ 

> monensm, '--n^*.^.*^^^^,,, 

to isolation of errand pficiHQr 

Genom.c library of Streptomyces cinnamonensis ATCC 14513 „ h P ™ 

'^513 (the monensin producer) was 

-pa^,*,^^^^^^^^ aw , rans)ecieainioEcoii 

,ys M . anaiter ONA w as c,oss««, to „e m«™ a „ e * uv „ MiaMn ^ 
-~ „ as ^ uemy uxa (w ^ ^ procMw8 ^ ^ o( ^ 

« P "* TP ™>iMaa Sa p n * etor ONA n/ » r , a i sa , k)n Tne probe wash*™, „, 

't? prooe was hybndrsed for 1 6h at 68°C 
- <.0,SSC Uhr an, WMhM 0 „ ,„ ,„ „ ^ h o exssc ^ ^ 

-nes^e^o.Ao,^,^^,^^^^^^^^^^ 
-n g Stes h , he vect0f pwE(5 A regim ftomotogous (o ^ _ ^ 

^^^^ 

FEBS (1995) 374 246-248) 

(<0 Construction n| plasmirt nMrna 
The approximately 0.9 kbp ONA segment ot (he ATX domain was amplified by PCR employing as 
~e lo, B „,„ g ..CTCCCCACCCCCCCCAATCGCCCAGCAT,^ 
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5*-CCC TAG GAG TCG CCG GCA GTC CAG CGC GGC GCC C-3' using the DNA from the cosmid 
pSC!N02 as the template The PCR product was end-repaired and ligated with plasmid pUC18. 
which had been linearised by digestion with Smal and then treated with alkaline phosphatase. The 
ligation mixture was used to transform E coli TGI recO and individual colonies were checked for 
their plasmid content The desired plasmid pM038 (3 5 kbp) was identified by its restriction 
pattern 

(iii) Construction of plasmid oMQ34 
Plasmtd pM034 is a derivative of pM06 with a polycloning site inserted after the stop codon of the 
inserted D1 -AT2 gene. Plasmid pM06 was digested with EcoRi and Hindlll and annealed with two 
oligonucleotides forming the double- stranded region of the polycloning site 5'- A AT TCA TAA 
CTA GTA GGA GGT CTG GCC ATC TAG A-3' and 5-TCG AAG ATC T AC CGG TCT GG A GGA TG A 
TCA ATA C-3' The mixture was ligated and transformed into E. coli TGI recO Individual colonies 
were checked for their plasmid content. The desired plasmid pM034 (13.5 kbp) was identified by 
its restriction pattern. 

fly) Construction of plas mM PM03 5 
Plasmid pM035 is a derivative of pM034 containing TKLS-AT2 gene and a translationally coupled 
crotonyl-CoA-reductase gene from Streptomyces colhnus (Wallace et aL E. J. Biochem (1995) 
233: 954-962). The crotonyl-CoA-reductase gene was excised from the plasmid pZYB3 (the gift of 
Prof. K. Reynolds) as an Ndel - BamHI fragment, which was treated with mung bean nuclease to 
produce blunt ends and ligated into pM034 previously cut with Spel and likewise blunt-ended 
using mung bean nuclease. The ligation mixture was used to transform E. coli TG1 recO and 
individual colonies were checked for their plasmid content. The desired plasmid pM035 (14.2 
kbp), with the correct orientation of the crotonyl-CoA-ketoreductase gene, was identified by its 
restnction pattern. 

(v) Construction of plasmid PMQ36 
Plasmid pM038 was digested with Bail and Avrll and the insert was ligated with plasmid pM035 
which had been diaested with Ball and Avrll The liaation mixture was used to transform F noli JG^ 
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recO and ,nd.vidual colon,es were checked ton their plasmid content. The desired plasmid pM036 

(13.5 kbp) was identified by its restriction pattern 

(vi) Construction of plasm* nf-^TX 
Plasmid pM036 was digested with Ndel and Xbal and the insert was ligated with plasmid pCJRJS. 
which had been digested with Ndel and Xbal and purified by gel electrophoresis. The ligation 
mixture was transformed into E.coli TGI recO and individual colonies were checked for their 
plasmid content. The desired plasmid pC-ATX was identified by its restriction pattern. 

Example ig. construction of s prvthraeaJCP/nC-AT^nnnr^^nn^T.,. 1 fr . n%ni 
Plasmid pC-ATX was used to transform S.erythraea JC2 protoplasts. Thiostrepton 
resistant colonies were selected on R2T20 medium containing lOpgftnf of thiostrepton. Several 
clones were tested for presence of pC-ATX integrated into the chromosome by Southern blot 
hybridisation of their genomic ONA with DIG-labelled DNA encoding the DEBS1 -TE gene. 

A clone with an integrated copy of pC-ATX wasgrown in SSM medium, containing 5/yg/ml 
of thiostrepton. and allowed to grow for seven days at 28-30«C. After this time the broth was 
filtered to remove mycelia and the P H adjusted to pH 3. The broth was extracted twice with two 
volumes of ethyl acetate and the combined ethyl acetate extracts were washed with an equal 
volume of saturated sodium chloride, dried over anhydrous sodmm sulfate, and the ethyl acetate 
was removed under reduced pressure, to give about 500 mg of crude product. The products were 
characterised by gas chromatography, mass spectrometry and NMR, and were shown to be (28. 
3R. 4S. 5R)-2-methyl-4-ethyl-3.5-dihydroxy-n-hexanoic acid 6-lactone and (2S. 3R. 4S. 5R)-2- 
methyl-4-ethy|.3 l 5-dihydroxy.n-heptanoic acid 6-lactone: 
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Example 1h - Construction of S ervthraq? NRRL 2338 /oC-ATX and its use in production Of 14- 
membered macrolides 

Approximately 5mg pC-ATX ONA was used to transform S. erythraea NRRL 2338 
protoplasts to give a strain in which the plasmid is integrated into the chromosome. From several 
colonies, total DNA was obtained and analysed by Southern hybridisation to confirm that the 
plasmid has integrated in module 2 ot EryAl to give a novel macrolide biosyntnetic pathway. 
Further integrations had occurred to give repeated plasmid sequences S erythraea NRRL 2338 
/pC-ATX was inoculated into tryptic soy broth containing 5 mg/mL thiostrepton and incubated at 
30°C for three days 1 00 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium containing 5 mg/mL thiostrepton in 5 x 2 L flasks each containing 500 mL medium 
with 2 springs to aid dispersion and shaken at 300 rpm After a further 5 days of growth the 
cultures were centrifuged and the pH ot the supernatant adjusted to pH 9. The supernatant was 
then extracted three times wrth an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC-MS and two macrolide products were identified 
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Example 11 ■ Construction m pi^miri 

Plasmid PC-AT12 is an SCP2' based plasm* conta,ning a PKS gene ccmpnsing the ery 
loading module, the first and second extens.cn modules of the ery PKS and the ery chain- 
5 terminating thioesterase. except that the DNA segment encoding the methyimalonyl-CoA.ACP 
acyltransferase within the second extension modu.e has been specifically substituted by the om 
encoding the ma.ony.-CoA.ACP acyHransferase of module 2 of the rap PKS. ,t was constructed * 
several intermediate plasmids as foltows (Figure 1 1) 

(i)Constriirtjon p\ m v nid nty Q9<; 
io The approximate* , o kbp DNA segment of the eryA, gene of S erythraea extending from 

nucleotide 6696 to nudeotide 7707 o, eryA, (Donad.o. S. et a,.. Scence (1901) 252. 675-679) 
was amplified by PGR employing as primers synthet,c ol.gonuc.eot.des: S'-GGCGGGTCCGGA 
GGTGTTCACCGAGTT-3' and 5' -ACC TTG GCC AGG GAA GAC GAA CAC TGA-3', and plasmid 
pNTEp2 as atempfcte. The PCR product was end-repa.red and ,-gated w,th tfasm* p UC 18. which 
.5 had been lineansed by digestion with Sma. and then treated w.th a.kaline phosphatase The 
ligation mixture was used to transform E.co.i TGlrecO and .dividual colonies were checked for 
their plasmidcontent. The desired plasmid pM025 (3.6 kbp). ,n wh,ch the Stu. site bordering the 
insert is adjacent to the Hind... site in the po.y.inker. was identified by its restriction pattern. 
ODConstrurtifln Q\ ^\d pMQ gfi 

20 The approximate* 0.6 kbp DNA segment of the eryA. gene of S. erythraea extending from 
nuc.eot.de 8660 to nudeotide 9 2 58of eryA.. was amplified by PCR employing as primers the 
synthetic oligonuc.eot.des: 5 "-TCC TAG GCC GGG CCG GAC TGG TCG ACC TGC CGG GTT-3' and 
5-AAA CAC CGC GAC CTG GTC CTC CGA GC-3'. and plasmid pNTEP2 as template. The PCR 
product was end-repaired and .igated with p,asm.d P UC18. wh.ch had been ..neansed by d,gest,on 

25 w,th Sma, and then treated with alkaline phosphatase. The „ga,ion m.xture was used to transform 
E. coli TGlrecO and indiv,dua. colonies were checked for the.r piasm.d content The des,red 
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plasmid pM026(3.2 kbp). in which the Avrll site is adjacent to the Hindlll site of the poiylinker. was 
identified by its restriction pattern. 

rtirt Construction of pla smid oMQ27 
Plasmid pM025 was digested with EcoRI and Ball and the 1.0 kbp insert was ligated with plasmid 
5 pM02 which had been digested with EcoRI and Ball. The ligation mixture was used to transform E. 
coli TG1 recO and individual colonies were checked for their plasmid content. The desired plasmid 
pM027 (4.4 kbp) was identified by its restriction pattern. 

f^OffnStrv^Q" Qf Plasmid dMQ3SA 
Plasmid pM026 was digested with Avrll and Hindlll and the 0.6 kbp insert was ligated with plasmid 
l o pM027 which had been digested with Avrll and Hindlll. The ligation mixture was used to transform 
E. coli TGirecO and individual colonies were checked for their plasmid content. The desired 
plasmid pM032 (5. 1 kbp) was identified by its restriction pattern. 

(v) C onstruction of ptq smld pMQ33 
Plasmid pM032 was digested with BspEI and SexAl and the 2.7 kbp insert was ligated with plasmid 
15 pNTEP2 which had been digested with the same two enzymes and purified by gel electrophoresis 
to remove the 2.8 kbp insert. The ligation mixture was transformed into E.ooli TGirecO and 
individual colonies were checked for their plasmid content. The plasmid pM033 (12.6 kbp) was 
identified by its restriction pattern. 

f^fanfrtnKrtflP of rta?r" id qc-ati2 
20 Plasmid pM033 was digested with Ndel and Xbal and the insert was ligated with plasmid pCJR29. 
which had been digested with Ndel and Xbal and purified by gel electrophoresis. The ligation 
mixture was transformed into E.coli TGirecO and individual colonies were checked for their plasmid 
content. The desired plasmid pC-AT1 2 was identified by its restriction pattern 

25 Example 1i - Construction of S ervthraea JC2 / pC-ATl2 and production of TKL derivative 
Plasmid pC-AT1 2 was used to transform S.erythraea JC2 protoplasts Thiostrepton 
resistant colonies were selected on R2T20 medium containing 10 //g/ml of thiostrepton. Several 
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A clone wuh an integrated copy of DC-AT1? u,=,c „ 

opy or pc AT12 was grown ,n SSM medium, containing 5 

^"■~«---.*» ta ^. 1 , SM9CA stlmeth 



t with two 



— » * ,3H. ,s. ^ ,« ydrox ,, hexa „ ofc aM , |actoneaM (3R ^ 
me.l.y|.3. 5 -d»,y !lro xy-n. n ep la no,c acd . -lacone: 




10 




15 ^^r***** 2 ^^ 

5 " PC - AT12 DNA — »*« • — «- a -Mm. NBRL 2338 

^^a^^^^^^^^^ s ^ Mn^L 233q 
*CAT,2„a™ alM «„ ^ 5mg/mL m)oflfwon ^ incubated a, 

"""""" "»»—• — «- M .o,n^,a„2 L o,suc ras ,s„ca„„e 

*>M mMlom 5 „ g/mL 1Wepion ^ ^^^^ 



SUBSTITUTE SHEET (RULE 26) 



WO 98/01571 



PCT/GB97/01810 



39 

the cultures were centrifuged and the pH of the supernatant adjusted to pH 9 The supernatant 
was then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC-MS and two macrolide products were identified 




Example 11 - Construction of plasmid dCJP49 
10 pCJR49 is a pCJR24-based plasmid containing a mutant DEBS1-TE gene which has no 

ketoreductase in module 2. and the AT domain in module 2 has been replaced by RAPS AT2 in 
order to incorporate a malonyl extender instead of a methylmalonyl extender in the second module 
(Figure 12). 

pM032 was digested with BspEI and SexAl and the fragment containing the AT from RAP 
15 module 2 was cloned into p(JC1 -0 which had been previously digested with BspE I and SexA I. to 
yield the plasmid pCJR43 

pCJR43 was digested with Ndel and Xbal and the fragment containing the mutant DEBS 1 - 
TE gene was cloned into pCJR24 which had previously been digested with Ndel and Xbal. to yield 
plasmid pCJR49. pCJR49 was confirmed by restriction enzyme mapping. 

20 

Example 1m - Construction of S ervthraea JC2/oCJR49 and production of TKL derivatives 
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Approximately s Mg P CJR49 DNA was used to transform S erythraea JC2 protoplasts to 
give a strain in which the plasmid IS integrated into the chromosome From several colonies total 
DNA is obtained and analysed by Southern hybridisation to conlirm that the plasmid has integrated 
into the eryTE S. erythraea JC2/pCJR49 is inoculated into tryptic soy broth containing s P g /rn L 
thiostrepton and incubated at 30°C for three days 1 00 mL of this seed culture was used to 
inoculate 2 L of sucrose succinate defined medium containing s^g /mL thiostrepton in 5 x 2 L 
flasks each containing 500 mL medium with 2 springs to aid dispersion and shaken at 300 rpm. 
After a further 5 days of growth the cultures were centnfuged and the pH of the supernatant was 
adjusted to pH 3 The supernatant was then exlracted three times with an equal volume of ethyl 
acetate and the solvent removed by evaporation Products were dissolved in methanol and 
analysed by GCMS on a Finnegan-MAT GCQ System This analysis indicated that by comparison 
to synthetic standards two new lactones were present These products were (4S.5R)-4-methyl-3- 
keto-5-hydroxyhexanoic acid i> lactone and (4S.5R)-4-methyl-3-keto-5-hydroxyheptanoic acid f» 
lactone: 



O 




Example TP - Construction of S ervthrae a NRRL 2338/DCJR49 and rts use for reduction of 14- 
membered macrolides 

PCJR49 DNA was used to transform S erythraea NRRL 2338 protoplasts to give a 
strain in which the plasmid is integrated into the chromosome From several colonies total DNA is 
obtained and analysed by Southern hybridisation to confirm that the plasmid has integrated in 
module 2 of EryAI to give a novel macrolide biosynthetic pathway Further integrations had 
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occurred to give repeated plasmid sequences S erythraea /pCJR49 is inoculated into tryptic soy 
broth containing Sua /mL thiostrepton and incubated at 30°C for three days 1 00 m(_ of this seed 
culture was used to inoculate 2 L of sucrose succinate defined medium containing s^g/mL 
thiostrepton in 5x2 L flasks each containing 500mL medium with 2 springs to aid dispersion and 
5 shaken at 300 rpm After a further 5 days of growth the cultures were centrif uged and the pH of 
the supernatant adjusted to pH 9 The supernatant was then extracted three times with and equal 
volume of ethyl acetate and the solvent removed by evaporation Products were analysed by 
HPLC-MS and two macrolides were identified: 




FxAmplfl 2 ■ Construction of S ervthra^ FRMD1. Carrying a Hybrid PKS Peng m Which the avr 
15 Loading Didomain is Substituted for the er y Loading Didomain of S ervthrgga NRRl 2338 
(i\ Construction of pla smid oAVLP 
Plasmid pCRabc (Example 1 ) was linearised with BamHI and ligated to pU702 previously digested 
with Bglll. The mixture contained the desired plasmid pAVLD (Figure 5). The ligation mixture was 
transformed into E.coli TGt recO and individual colonies were checked for their plasmid content. 
20 The desired plasmid pAVLO was identified by its restriction pattern (Figure 5) 
(ii) Construction of S e rythrea ERMD1 
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Approbate* 5-10 ,.g of pAVLD, isolated from E. coli TGlrecO(pAVLD) was transformed into S. 
erythraea NRRL2338 and stable thiostrepton reastant colonies were isolated. One of these 
co.on.es was selected and total DNA was digested with Pst. and analysed by Southern 
hybridisation employing as a probe the .nsert from plasm,d pC Rc whch contains the fragment of 
the ery Al gene encoding the ketosynthase domain KS1 The analysis showed 
positively-hybridizing Pst. fragments of 8.5 kbp. 4.8 kbp and 33 kbp. boating the presence of 
two tandemly integrated copies of pAVLD (Figure 6) 



A 50 mL fermentation of S. erythraea ERMD1 was carried out on tap water medium and 
after 4 days at 30«C the mycelium was harvested and used to inoculate 1 .5 L of sucrose-succinate 
medium containing thiostrepton (50„g/ml). Aftergrowth a. 3(TC for 4 days, the whole broth was 
extracted twice with an equal volume of ethyl acetate. 

The combined extracts were concentrated under reduced pressure and subjected twice to 
preparative thin layer chromatography on silica plates (20 x 20cm) eluted with 
chloroform/methano./.88 ammonia 8:2:0.01 (by vol). The products were further separated by 
HPLC on a PhaseSep C1 8 base-deactivated reversed-phase column S5 ODS (octadecylsilane) 6 
(4.6mm x 25 cm), eluted with methanol/0. 5% ammonium acetate (70:30 (vol/vol)), at 1 mUmin 
Fractions were collected between 7 and 1 1 minutes from three separate injections, and the pooled 
fractions were re-injected in ten separate injections. The anatogues containing an isopropyl side 
chain (isopropy, at R, of formula 1) derived from the incorporation of a 4-carbon (C-4; isobutyrv.) 
starter unit eluted earlier, with the analogues containing a sec-buty. side chain (sec-butyl at R, of 
formula 1 , derived from the incorporation of a 5-carbon (OS; 2-methvbutyry.) starter unit emerging 
severa. mmules later. High resolution MS gave resufts for C-4 eryA. eryB and ervD analogues, and 
for C-5 eryA and eryB analogues. wh.ch correspond closely to those calculated: 
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Analogue Qfi!s4MaSS Measured Mass 
C5-eryA 762.5004 762.5021 
C4-eryA 748.4847 748.4820 
C5-eryB 746.4898 748.5077 
C4-eryB 732.4898 732 4933 

in these experiments natural erythromycins were present only in low or undetectable 
amounts, and there were no detectable amounts of eryC analogues. The overall concentration 
ratio of C-4/C-5 compounds in the fermentation broth, as assessed by ESMS of ethyl acetate 
extracts ol broths, was between 4 1 and 6 1 in favour of C-4 compounds. The ratio of A:B:D 
analogues is variable, about 15:60:25. but with an increasing proportion of A analogues as the 
fermentation proceeds. The total yield of erythromycins is about 400 ng/Iitre. No supplementation 
with either isobutyric or 2-methylbutyric acid was performed. Thus, it would appear that the 
isobutyryl and 2-methylbutyryl starter units are derived from endogenously supplied precursors, 
analogous to the synthesis of natural avermectins (e.g.. Hafner et al. (1991). J. Antibiot. 44:349- 
356). 

Example 4a - C onstruction of S ervthraea NRRl 23387pK31 

Approximately 5 |ig of plasmid pIGl was transformed into protoplasts of S. erythraea NRRL 
2338 and stable rhiostrepton resistant colonies are isolated. From several such colonies, total 
DNA was obtained and analysed by Soulhern hybridisation, to confirm that the plasmid had 
integrated specifically into eryAl. and Southern analysis also showed that the site of integration was 
appropriate to generate a mutant capable of producing altered macrolides via the ave loading 
module. 

Example 4b - Construction of S ervthraea NRRL 2338/DNP3 Q 
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N RRL ,333 „ aa0te ,„, 09repton rM9an , ^ ^ isoaiM Ffom ^ ^ ^ 

app rop „a,. l o gOTW , 1 ea mul .„, M p aWeo , prMuongaBerMmacra , tesviain8avete)i|)9 



s »y« nrhl 2 338^, G , » as ^ inK ao waer mMium Mmani ^ ^ 

^.P»nan 0 a,,o,. M ,o 9row , orfouf3aysal , rcA(te(|hR20mLo(in8i]ivcrtumwasusM 

a^^,o^ec lumrt „ g . 5hakenal280rpmAtebeMMn35iind6(jayiihebrom 
was Ma , Mt „ removem>celteandtaextraciedmreeiimes ^ a(| ^ TOtoeo( ^ 

so,™ * a>apor , fon Ana ^ o( ^ ^ mMufe ^ qc ^ ^ 

— - M - a ,„,„ o, s, ^ o, , 4<nem0wM „ oroauas tw majof caimn _ 
aec^l^o^txabou, , 5^,, »»o m8r component p,^,^ 
-^^e^^^^, A.lsoprop^™^.. Band 0' and 

endogenous^ supplied precursors. 
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2^ ch . 0fBp ?ra ^n nf ia.i«r TPn l mf Fnrthrnmvcn^ Wnq $ ery|frra . ea 

Kjffm 9338/DND30 

S. erythraea NRRL 2338/pND30 was inoculated into tap water medium containing 50 

5 yg/mL thiostrepton and allowed to grow tor tour days at 30<C. After this. 20 ml of the mycelium 
was used to seed 500 mL of sucrose-succinate medium containing 50,*g /mL thiostrepton. in a 2L 
flask with a single spring to reduce clumping, shaken at 280 rpm. After between 3.5 and 6 days, 
the broth was filtered to remove myce.ia and then extracted three times with a quarter volume of 
ethy. acetate. The combined ethyl acetate extracts were dried over anhydrous sodium sulphate 

,0 and solvent removed by evaporation Analyse of the product mixture using GC and e.ectrospray 
MS revealed that o< a total of 5-6 mg/L of 14-membered macrolide products, the major component 
was sec-butyl-erythromycin D (about 1.5 mg/L). with other components present being 
sec-butyl-erythromycin B and sec-butyl-erythromyc.n A: isopropylnerythromycins A. B and D; and 
small amounts of natural erythromycins A. B and 0. S. erythraea NRRL 2338/pND30 produced 

,5 approximately 10-15 times more of the novel isopropyl- and sec-butyt-erythromycins compared to 
the equivalent S. erythraea ERMD1 construct (see Example 2) clearly demonstrating the capability 
of the actl promoter and its cognate activator gene actll-orf4 to enhance the expression of Type I 
PKS s. Again, no supplementation with either isobutyric or 2-methylbutyric acid was performed. 
Thus, it would appear that the isobutyryl and 2-methylbutyryl starter units are derived Irom 

20 endogenous^ supplied precursors. 

c^Ifr ^ - Proration of ^ -^Hnn^nlvl-ervthrnmycin B usipq ft ftfYthr^a NRRL 2338/blG l 

The culture S. erythraea NRRL 2338/plGi was moculated into 50 mL tap water medium in a 
300 mL Erlenmeyer flask. After 36 hours incubation at 28«C. this flask was used to inoculate 3.5 L 
25 of ERY-P medium m a 5 L mmijar. The broth was incubated at 28«C with an aeration rate of 1 75 
L/m,n Cyclopentane carboxylic acid ( 1 4 mL) was added after 24 hours and the fermentation was 
continued for 1 68 hours. After this time, the whole broth was adiusted to pH 8 5 with aqueous 
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sodium hydro^end e„nacted »,,„ ethy, acetate fio L). The «hy, acetate e«tact *as 
C onc 8ra ,a,ed teawsS9M „ g ,,e„udep r o <1U c,a S a gum( 4. 29) o„ 8g ™, (1(Wsexl , Ktwas 

.sso^.^ac^e^^ad^^^^.e,^,,,,^^^, 
Sorben, Techno,,*,, previous* wim emy , ^ ^ 

dryness ^^^na^nwasre^cme^n^^,,,^. TOs ^ 
v^edca. *0m 9 ot a aumrnysotid contain, llB d8sirM prMua Ws was (linher ^ ^ 
P™ r e WSM .p h a se „P LCu ^ aZorbax7( , mOOSco , imn(2i2mmx25cmiusmga 

moMe phase ot acetonttrile:0.05 M ammonium acetate (7.3) at 9 mL/min. Fractions, containing the 
P-o^totin.^.^^,^,^^^^^^^^^^ 

(1C us., usr* a mob.e phase ^ento, ace.on, M e:0.0SM ammonium acetate (2872) ,0 

*P«trome«y ,M S) and nu<War magn . fc reKma( , ce (NMR) ^ ^ 

HPLC retention nne - Method A • 26.0 minutes 
APOI-MS • (M ♦Hl'obs^ved at m/e 758. required to, C^jNO, 2 - 758 



'mass 
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O 




NMRdata: 

Atom number "C chemical shift, from ,3 C NMR spectrum 'H chemical shift and multiplicity 



1 1760 

2 45.0 2.89 1Hdq J = 9.4, 7 1 

3 80.4 4.02 1Hdd J =9 4, 17 

4 39.2 2.08 IHmultiplet 

5 83.8 3.59 1Hd J = 7.4 

6 75 4 

7 38.0 2.00 1Hdd J=r 14.7, 10.8 

ca. 1.65 1H mufti pi et 

8 45.0 2.71 1Hdqd J= 10.6, 6.8. 2.6 

9 ca. 220.0 

10 38.9* 2.98 1Hqd J = 6.8. 1.5 

11 . 69.4 3.73 1Hdd J = 9.9. 12 

12 * 38.8* 171 IHmultiplet 

13 78.3 5.19 1Hdd J = 10 5. 1 0 

14 41 7 2 15 1Hbr sextet 
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15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

r 

2' 
3' 
4' 

5* 
6* 

7\8* 
1" 
2" 



30 4 ca 1.69 1H multiset 

ca. 1.21 1H multiset 
25 4 ca. 1.63 1H multiple! 

ca. 1.52 1H multiplet 
25 1 ca 1.63 1H multiplet 

ca. 1 52 1H multiplet 
29 0 ca. 1.69 1H multiple: 

ca. 1 21 1H multiplet 
15 8 1 183Hd J = 7.i 

9 24 1 13 3Hd J = 70 

274 1 463HS 

185 1T43Hd J = 6.8 

9 5 0.99 3Hd J = 6.8 

9 16 0.86 3Hd J = 7.1 

103 2 4.43 1Hd J = 7.3 

70 9 3.24 1Hdd J = 10.3, 7 3 

65 4 2 51 1HdddJ = 120. 10.6,4.1 

29 0 ca. 1.68 1H multiplet 

ca. 1.24 1H multiplet 
68 8 3.50 IHbr sextet 

21 5 1.223Hd J = 6.1 

401 2.32 2x3Hs 

96 5 4.90 IHd J = 4.6 

35 1 2.36 IHd J = 15.2 4 small (<1 Hz) 

1 58 1H multiplet 

72 6 

78 0 3.02 IHd J = 9 1 
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5" 65.6 4.01 1H multiplet 

6" 18.7 1.29 3Hd J = 6 3 

7" 21.4 1.24 3Hs 

8" 49.5 3.31 3HS 



* - Assignments for signal with asterisks may be interchangeable 

Example 6b - Preparation of 13-cvclQpenM-ervthromvcin B using S ervthraea NRRL 23 3 8/ PNP3Q 
An experiment similar to example 6a. using the culture S. erythraea NRRL 2338/pND30. 
5 produces the compound exemplified in example 6a. 

Example 7a - Preparation of 13-cvclobutvl-ervthromvcin B using S. ervthraea NRRL 2338/blGl 

The culture S. egrthraea NRRL 2338/plGl was inoculated into 50 mL tap water medium in 
3 x 300 mL Erlenmeyer flasks. After 72 hours incubation at 28°C. this flask was used to inoculate 

10 3.5 Lof ER Y-P medium in 3 x 5 L minijars. The broth was incubated at 28°C with an aeration rate of 
2.0 Unin and stirring at 500 rpm. Two feeds of cyclobutane carboxylic acid (1.4 mL) were added 
after 24 hours and 48 hours and the fermentation was continued for 168 hours. After this time, the 
pH of the whole broth was adjusted to 8.5 with aqueous sodium hydroxide and then extracted with 
ethyl acetate (20 L). The ethyl acetate extract was concentrated to dryness giving the crude 

15 product as a gum (9. 2 g). A portion (2.3g)of this extract was dissolved in ethyl acetate (12.5 mL) 
and added to a prepacked silica gel cartridge (10 g; international Sorbent Technology) previously 
conditioned with ethyl acetate (10 mL). The column was sequentially eluted with ethyl acetate (4 x 
24mL); dichloromethane:methanol (9:1) (1 x 24mL); dichloromethane:methanol (8:2) (2 x24mL); 
dichloromethane:methanctf:ammonia (80:19:1) (1 x 24 mL); methanol (1 x 24 mL). Fractions 6-8 

20 were combined and evaporated to dryness. This fractionation was repeated on a remaining sample 
of gum (4.7 g) This enrichment step yielded ca. 4 1 5 mg of a solid containing the desired product. 
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 ^m ODS column 
(21.2mm x 25 cm) using a mobile phase of acetonrtnle.O 05 M ammonium acetate (3:1 ) at 8 
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mL/min Fractions, containing the product of interest, from five separate injections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
M m Uftrasphere ODS column (10 mm x 25 cm) using a mobile phase gradient of acetonitrile:0.05 M 
ammonium acetate (28:72) to acetonitrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow 
rate 4 mL/min). Fractions, containing the product of interest, were combined and evaporated to 
dryness to give a pure white solid (27 mg). The structure of the product was confirmed by MS and 
NMR as follows: 

HPLC retention time - Method A - 22.3 minutes 

APCI-MS - (M + H) + observed at m/e 744, required for C39H70NO1 2 - 744 




NMR data: 

Atom number 13 C chemical shift, from °C NMR 'H chemical shift and multiplicity 

spectrum 

1 * 176.3 

2 44.5 2.87 IHdq J * 9.1, 7.1 

3 80 4 4.03 1Hd J=9.t 

4 39.2 2.08 IHmultiplet 
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5 
6 
7 



83 9 
75 4 

37.7 

44.5 



9 2194 



10 
1 1 
12 
13 
14 
15 

16 
17 

18 
19 
20 
21 
22 
23 

r 

2' 
3' 



38.9 

69.1 

37 3 

77.4 

37.0 

25.2 

17.7 
24.2 

15.5 
9.3 

27.0 
18 0 
9.1 
9.3 

1034 
70.9 
65.2 
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3.59 1Hd J = 7 4 

1.99 1H multiple! 

1 64 1Hdd J = 15.0, 3.0 

2.73 1 H br doublet of pentets 

j = ca. 7 0.3.0 

2.97 1Hqd J =6.9. 11 
375 iHdd J = 10.2 + small 

1 62 1H multiplet 

5.39 1Hdd J = 9.3. 11 

2 60 iHbr sextet 
ca 1 .97 1 H multiplet 
ca 1 82 1H multiplet 
ca1.83 2H multiplet 
cal.93 1H multiplet 
cal75 1H multiplet 

1.17 3Hd J = 7.1 

1.12 3Hd J = 7.5 

1 46 3HS 

1.14 3Hd J = 7.1 

0.98 3Hd J = 69 

0.81 3Hd J = 7.1 

4.43 1Hd J = 7.3 

3 27 1Hdd J =10.3. 7.3 

2.64 1H multiplet 
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4* 

5' 
6' 
7\8' 
1" 
2 M 

3" 

4" 

5" 

6" 

7" 

8 M 



29.1 

68.7 
21.0 
40.0 
96.6 
34.7 

72.5 
77 8 

65.3 

18.2 

21.2 

49.1 



ca 1 72 mmuliipiet 
ca1.22 IHmultiplet 

3.52 1Hbr sextet J=ca. 6.1 

1.23 3Hd J = 6.1 

2.38 2 x 3Hs 

4.89 1Hd J =4.5 

2.38 IHmultiplet 

1.57 iHddJ = 15.0. 5.0 

3.02 iHd J = 9.2 
4.02 IHmultiplet 
1.29 3Hd J = 6.2 
1.24 3Hs 
3.31 3Hs 



Ihromvcin B ^ igin g 5 . ervmrflea NF|RL 233»/r 
An expenment similar to example 7a. us.ng the culture S erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 7a. 



Sample 6a - Preparation of 13-tt-f||ranvl)-ervthromvnn B usinn s -w *r m a NRRi aaan^i 

The culture S. erythraea NRRL 2336/plGl was inoculated into 50 mL tap water medium ,n a 
300 mL Erlenmeyer flask After 72 hours incubation at 2VC. th.s «ask was used to inocu.ate 3.5 L 
of ERY-P medium in aSLminijar. The broth was incubated at 28«C with an aeration rate of 1 75 
L/min. 3-Furoic add (1 4 g in 6 mL methanol) was added filter ster,l.sed after 24 hours and the 
fermentation was continued for 138 hours. After »h,s t,me. the p H of the whole broth was ad,usted 
to 8.5 with aqueous sod,um hydroxide and then extracted with ethyl acetate (10 L) The ethyl 
acetate extract was concentrated to dryness g.ving the crude product as a gum (3.8 g, A P ort,on 
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of th,s extract ( 1 . 9 g) was d,ssolved in ethyl acetate ( 1 0 mL) and added to a prepacked s.lica gel 
cartndgeOOg; International Sorbent Technology) previously conditioned with ethyl acetate (10 
mL). The column was sequentially eluted with ethyl acetate (4 x 24 mL). 
d.chloromethane:methanol (9:1 ) (1 x 24 mL); d.chloromethane:methanol (8:2) (2 x 24 mL): 
dichloromelhane.methano.:ammonia (80:19:1) (1 x 36mL): methanol (1 x24mL). Fractions 8 and 
9 were combined and evaporated to dryness. This fractionation was repeated on the remaining 
1 9g of gum. This enrichment step y.elded a solid conta.ning the desired product. This was 
further purified by preparative reversed-phase HPLC using a Zorbax 7 „m ODS column (21 .2 mm x 
25cm) using a mobile phase of acetonitri.e:0.05 M ammon.um acetate (3:1 ) at 8 mL/min. Fractions, 
containing the product of interest, from three separate .nject.ons were combmed and evaporated 
to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 M m Uttrasphere 
ODS column (1 0 mm x 25 cm) using a mobile phase gradient of acetonitri.e:0.05 M ammonium 
acetate (28:72) to acetonitrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow rate 4 
mUmin). Fractions, containing the product of interest, from three separate injections were 
combined and evaporated to dryness to give pure i3-(3-fur a n y i)-erythrom y cin B as a white solid (9 
mg) The structure of the product was confirmed by mass spectrometry. 
HPLC retention time • Method A - 17.0 minutes 

APCI-MS - (M + H) + observed at m/e 756. required for C 3 gH 6 6NOi 3 • 756 
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Approximate ,3 C chemical 'h chemical shift and multiplicity 
shift, from 'H - °C correlation 
data 
174.7 

44 4 2.93 1Hdq J = 8.1, 7.0 

Q 0.3 4.14 1Hd J=8.1 

395 2.18 1Hm J = 7.0. 7.2 

83.9 3.61 1Hd J = 7.2 
75.0 

37 8 2.07 IHdd J = 14 6. 11.3 

1.70 1H dd J = 14.6, not resolved 

44 -6 2.78 1Hbrm J = 1 1.3, 7.0, 2.2 
219.7 

39 2 3.05 1Hdq J = 6.9, not resolved 

69 5 3.95 1Hdd J = 10.0, not resolved 

41 4 1 88 1Hdq J= 10.0, 70 

69 2 6.47 1H complex m 
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1383 7.31 1H complex m J= 0.7. 1.8 
124.3 

108 6 6.31 1 H complex m. J = 1.8. 0.7 

142 .8 7.39 iHt J = 18 

15 5 1.21 3Hd J = 7.0 

Q7 il6 3HdJ = 70 

27 0 1 - 4 8 3Hs 

18 3 1.18 3Hd J = 7.0 

8 4 1.03 3Hd J=6.9 

Q 7 0.88 3Hd J = 7 0 

103.3 44 6 1Hd J = 7 4 

71 ! 3.29 iHm 

65 1 2.60 1H broad m 

293 178 IHm 
1.24 1Hm 

68.8 3.54 1Hm 

2 0 7 1 .24 3H d (obscured) 

40.0 2 39 2x3Hs 

966 4.88 1Hbrd J = 4.9 

35 2 2.39 1Hm 

1.59 1Hdd J =15.0, 4.9 

71.7 

77 8 3.03 iHd (obscured) 

66 1 4.03 1Hdq J = 9.0, 6.1 

18 3 1.30 3Hd J =6 1 

2\ 2 ^ 26 3H S 

49 ! 3 33 3H S 
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• Assignments indicated with an asterisk maybe reversed 



Example 9b - Preparation of 13 -f3-lu r a nv »^ tv t hrofnvein B us ,ng S ervthraM nrrl 233B/hNre) n 
An experiment similar to example 8a. using the culture S. erythraea NRRL.2338/pND30. 
produces the compound exemplified in example 8a. 

Example 9a - Preparation of T3-cvclonrnnvl-ervthromvcin B us.no s ftryt h raea MRRi 9?? ?/p|fii 

The culture S. erythraea NRRL 2338/plGi was inoculated into 50 mL tap water medium in a 
300 mL Erlenmeyer flask. After 72 hours incubation at 28<C. this flask was used to inoculate 3.5 L 
of ER Y-P medium Thiostreptone ( 1 05 mg) was added immediately after sterilisation The broth 
was incubated at 28"C with an aeration rale of 2 L/m.n and stirring at 500 rpm. Cyclopropane 
carboxylic acid (1.2mL) was added after 24 hours and the fermentation was continued for 144 
hours. After this time, the whole broth was adjusted to pH 8 5 wrth aqueous sodium hydroxide and 
then extracted with ethyl acetate (3 L) The ethyl acetate extract was concentrated to dryness 
giving the crude product as a gum (1 .7 g). This extract (0 85 g) was dissolved in ethyl acetate (10 
mL) and added to a prepacked silica gel cartridge (10 g; International Sorbent Technology) 
previously conditioned with ethyl acetate (20 mL). The column was sequentially eluted with ethyl 
acetate (4 x 24 mL); dichloromethanermethanol (9.1) (1 x 24 mL); dichloro-methane:methanol (8:2) 
(1 x 24 mL); dlchloromethane:methanol:ammonia (80.19:1) (3 x 24 mL); methanol (1 x 24 mL). 
Fractions 6-9 were combined and evaporated to dryness This fractionation was repeated on the 
remaining 0.85 g of gum. This enrichment step yielded a solid containing the desired product. 
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 jim ODS column 
(21 .2 mm x 25 cm) using a mobile phase of acetonrtrile:0.05 M ammonium acetate (3 1) at 8 
mL/min Fractions, containing the product of interest, from 4 separate injections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
Mm Uttrasphere ODS column (10 mm x 25cm) using a mobile phase gradient of aceton.tr.le:0.05M 
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ammonium acetate (28:72) to aceton»tr,le:0.05 M ammonium acetate (50:50) over 18 m.nutes (flow 
rate 4 mUhiin). Fractions, containing the product of interest, from three separate injections were 
combined and evaporated to dryness to give pure 13-cyciopropy (-erythromycin Bas a wh.te solid 
(9 mg). The structure of the product was confirmed by mass spectrometry. 
HPLC retention time - Method A - 17.9 minutes 

APCI-MS • (M + H) + observed at m/e 730. required for C38H68NO1 2 • 730 




NMRdata: 

Atom number Approximate ,3 C chemical shift, from 
'H - *C correlation data 

1 176.4 

2 44.8 

3 60.3 

4 • 39.5 

5 83.7 

6 75.2 

7 38.0 



'H chemical shift and multiplicity 



2.88 1Hdq J = 8.5. 7.1 

4.04 1Hdd J = 8.5. 19 

2.11 iHbrpentet J = ca7 

3.58 iHd J = 7.5 

2.02 1Hdd J= 14 7. 10 9 
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8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

V 

2* 

3' 

4 1 

5' 
6' 

7\8' 
1" 



45 1 
220.0 

39.0 

69 8 
40.4 
78.5 
13.2 

4.1 

2.7 

15.1 
93 

27.4 

18.3 

9 3 

9.3 
103.3 
71.0 
65.6 
29.0 

69.2 
20 9 
39 9 

97.1 



1.66 1H dd J = 14.7. 2.8 
2.74 IHdqd J = 10 9. 7.1, 2.8 

3.01 IHmuftiplet 
3.76 1Hdd J= 10.0, ca 1.4 
184 IHdqd J =10.0, 6.9. 1.2 
4.68 1Hdd J =9.2, 1.2 
1.09 IHmultiplet 
0.51 IHmuftiplet 
0.42 IHmultiplet 
0.51 IHmuftiplet 
0.29 IHmultiplet 
1.19 3Hd J = 7.1 
114 3Hd J = ca7.1 
1 46 3Hs 
116 3Hd J = 71 
1.001 3Hd J = ca 7.2* 
0.998 3Hd J=ca6.9* 
4.43 1Hd J = 7.2 
3.25 1H dd J= 10.3.7.2 
2.54 IHbrddd J = ca 12.5. 10.3, 4 
1.69 IHmuftiplet 
1.25 IHmultiplet 
3.51 IHbrdq J = ca11.6 
1 22 3Hd J = 6.2 
2.33 2 x 3Hs 
487 1H brd J = ca5 



SUBSTITUTc SHEET (RULE 26) 



WO 98/01571 



59 



PCT/GB97/01810 



2" 



4" 



35 0 2.37 1Hbrd J = ca. 15 

1 57 iHdd J = 15 1.5.0 



3" 72.5 



78 , 3.01 iHbrd J = 9.2 



5" 66.0 
6" 



7" 

8" 49.3 



4.02 iHdq J = 9.2. 6.2 



18 3 1.28 3Hd J = ca6.2 

21.0 1-24 3Hs 



3.32 3Hs 



Assignments indicated with an asterisk maybe reversed 



p^ mpto Qh ■ Preoption of 1 3 -^ r.n prnnvl-ervthromvcin B usipq $ mrttTTrWa NRRL 2338/pND3Q 
5 An experiment similar to example 9a. using the culture S. erythraea NRRL 2338/pND30. 

produces the compound exemplified in example 9a. 

FvfflTP' f 1 " a - Prpnaration of i^n-m^hvlthio- Pt h vlVery t^rprpvcin Busjriq S erythrgga NRRL 
2338/DlGI 

10 The culture S. erythraea NRRL 2338/plG1 was inoculated into 1 L tap water medium in a 

2.8 L Fernbach flask. Thiostreptone (50 mg) was added immediately after inoculation. After 84 
hours incubation at 29«C. this flask was used to inoculate 8 L of supplemented ER Y-P medium (50 
g/L Dextrose. 30 g/L Nutrisoy flour. 3 g/L ammonium sulfate. 5 g/L NaCl, 6 g/L CaCQ,. 10 g/L 
sucrose. 5 g/L corn steep solids. 0.5 g/L MgSO, and 1 mL/L of P2000) in a 14 L fermentor jar. The 

15 broth was incubated at 28 4 C with an aeration rate of 8L/min. stirring at 800 rpm and with pH 

maintained between 6.9 and 7 3 with NaOH or H,S0 4 (15%). Methytthiolactic acid (3.2 mL) was 
added after 24 and 48 hours. Additional methylthiolactic acid (i 6 mL) was added after 120 hours. 
The fermentation was continued for 1 42 hours After this time, the whole broth was centrifuged to 
yield centrate (34 L) which was loaded onto a XAD-16 resin column (600 mL. Rohm and Haas). The 
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resin column was then washed with water (18 L) and eluted wrth ethyl acetate (2.5 L) The ethyl 
acetate was partially concentrated (to 250 mL) and then the product of .merest was extracted mto 
1 00 mM sodium phosphate buffer, P H 3.5 ( 1 3 L). The product was transferred back ,nto ethy. 
acetate by adjusting the water to pH 9 with sodium hydroxide and then m,xing w.th ethyl acetate 
(450 mL). The erythromycin rich ethy. acetate layer was separated, evaporated to a gum (5.0 g). 
and then resuspended into 20% methanol (120 mL) which was loaded onto a CG- 161 resin 
column (1 00 mL: Toso Haas,. The resin column was sequentially eluted with 20% methanol (3 x 
100 mL). 40% methanol (3 x ,00 mL). 60% methanol (3 x 100 mL). 80% methanol (3 x 100 mL) 
and neat methanol (4 x 100 mL). The neat methanol fractions 2 and 3. conta.ning ,he product of 
-meres,, were evaporated to a solid (220 mg) and further punfed over a reversed-phase 10 M m 
Kromasi.Cl8 HPLC column (75 mm x 25 cm), using a mob,.e phase of acetonr,„le:0.05 M 
ammon,um acetate with 0. 1% trifluoroacetic aod gradient (32.68) to (38:62, over 60 m.nutes at a 
flow rate of 215 mL/min. Fract.ons containing the product of .merest were combined (1.7 L). 
adjusted to P H 9 with sodium hydroxide and extracted .mo methylene chloride (300 mL). The 
methylene chloride layer was separated and evaporated to dryness to y. e ,d partially pure product. 
The preparative HPLC step and extraction step was repeated to obtain pure 13-(1. methylthio- 
ethyO-erythromycin 8 (31 mg). The structure of the product was conf.rmed by MS and IMMR 
spectroscopy (Bruker DMX 500 MHz spectrometer) as follows 
HPLC retention time - Method B - 14.9 minutes 

APCI-MS -<M+H) + observed at m/e 764. required for C 38 H 7 oNOi 2 S - 764 
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NMRdata: 



Atom n 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 

12 
13 
14 



,3 C(pprn) 
221.08 
176.10 
103.42 
96.93 
84.31 
80.69 
78.30 
76.17 
75.75 
73.11 
71.23 
69.84 
69.03 
66.18 



# Attached 'H 
0 
0 



'H(ppm) 



0 
0 
1 
1 
1 
1 



4.49 
4.94 
3.63 
4.06 
3.07 
5.42 



3.32 
3.77 
3 56 
4.06 
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15 


65.99 


1 


2 BP 


16 


49.91 


3 




17 


45.62 


1 


9 7 A 


16 


45.26 






19 


40.61 


o 


2.46 


20 


40.01 


1 




21 


39.60 


i 


2.14 


22 


38.94 


1 


3.04 


23 


38.44 




2.03/1.70 


24 


37.68 


I 


2 44 


25 


35.47 


o 
C, 


2.41/1.63 


26 


29.66 


o 


1.79/1.32 


27 


27.70 


o 


1.51 


28 


21 .89 


o 
o 


1.29 


29 


21 .77 


0 


1.28 


30 


19.08 


o 


1.33 


31 


18.92 




^ on 

1.20 




78. 19 


3 


1 33 


33 


16.29 


3 


1.23 


34 


11.11 


3 


2 12 


35 


10.16 


3 


1.07 


36 


9.70 


3 


1.17 


37 


9 62 


3 


0.90 



E x ample 10b - Preparation Of ^^-<\-meto^MY> v . a ^ y erlVhrom v cin R nana S Bvih,^ ro Rm 
233fl/t>Np 3fl 
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An experiment similar to example 10a. using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplitied in example 10a. 

Pv gmnift 1 1 ■ Preparation of 1 :^vclo r ?v'Y'-e™thromvrtn B using S. erythraea NRR12338 
5 The culture S. erythraea NRRL 2338 was inoculated into 50 ml tap water medium in a300 

mL Erlenmeyer flask. After 48 hours incubation at 28°C. this flask was used to inoculate 50 mL of 
ER Y-P medium in a 300 mL Erlenmeyer flask. The broth was incubated at 28<C Cyclobutane 
carboxylic acid (20 mL) was added after 24 hours and the fermentation was continued for 168 
hours. After this time, the whole broth was adjusted to pH 8.5 with aqueous sodium hydroxide and 
io then extracted with ethyl acetate (50 mL) The ethyl acetate was separated and concentrated to 
dryness The sample was redissolved in methanol (1 mL) for HPLC-MS analysis. This confirmed 
the production of 13-cyclobutyl-erythromycin B. by the untransformed. non-recombinant NRRL 
2338 as described in example 7 for the genetically-engineered strain containing the avr loading 

module (NRRL 2338/plGl construct) 
1 5 HPLC retention time - Method A - 22. 3 minutes 

APCI-MS - (M + H) + observed at m/e 744. required for C39H70NO1 2 - 744 

F^m plA 1P - Preparation rrf 1 3-rvpJnnroovl ^r v th r omvcin B usjnq S, eryjhrafffl NRRL 2 339 

The culture S. erythraea NRRL 2338 was inoculated into 50 mL tap water medium in a 300 

20 mL Erlenmeyer flask. After 48 hours incubation at 28«C. this flask was used to inoculate 50 mL of 
ERY-P medium in a 300 mL Erlenmeyer flask. The broth was incubated at 28^. Cyclopropane 
carboxylic acid (20 mL) was added after 24 hours and the fermentation was continued for 168 
hours. After this time, the whole broth was adjusted to pH 8.5 with aqueous sodium hydroxide and 
then extracted with ethyl acetate (50 mL). The ethyl acetate was separated and concentrated to 

25 dryness. The sample was redissolved in methanol ( 1 mL) for HPLC-MS analysis 
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5 



INS confirmed me product o, 13*yaop»opy,.erym,„m,cin B . by ,he untranstormed 
non-recombinan, M 233, ,3 descrltel in e ^ „ ^ 

containing the ayr loading (N( , RL 233a , p , G1 

HPLC retention time . Method A - 17.9 minutes 
APCI-MS -(M+H)* observed at m/e 730. requ,red to, C3eH6.NO, 2 ■ 730 



3 K 300 mL Erlenmeyer ,,as* S Atler 72 ^ reuba „ on „ 2 b"c each „ ask was ^ „ „ m 
10 3.5 L 0. ERV-p medium in 3 x 5 L m,n,|ars. Thebroth was ,nc„ba,ed a, 28* w»h an aerauon rateo, 
Z. 0 Unin and stirnng a, 500 rpm. r„o teeds 0, cycabutane carboy acid „ .4 mL, we,, added 
a«e, 2 ^„,s and 43 nou,s and »,e,e,me„,a„on was centred .0, ,68 hours ^mistime „ 
PH o, me whole broth »,s edited to M „,„ aoueous sod,„m hydroxy and men exacted with 
ethy, acetate (20 L). The ethy. exlrac, was concentrated ,0 donees giving the cude Product as , 
gum, 9 .2g, ^ n on ( 2.3g ) o Im ,sex M c, ( 2.3 g) wa S d,s S o,,edine»Vace,a»,,2. 6 m L) a™ ) 
added ,0 a prepacked silica ge, cartridge „0g: international Sorbent Technology, previously 
condoned with amy, a=e»,e „o mL,. The column was seo^ally ^ eth „ acela , e (4 , 
^UidichlorometharKmetr,™ (g:1) „ x24mL,;dich,or=methane:me,hano 1 ,8:2, (2 x24mL, 

*»"»""^^ F ,acon,6. 8 ' 

20 were combined and evaporated „ ^ TWs was on ^ ^ 

«9um. This ennchmen, step ytetded 4,5 mgo, a sow comaMn, me desired p«x.uc. Thiswas 
-udherP^ed by prepay ,eve,sed*phase HPLC usngaZorbax^m ODScaumn ,2, 2 mm « 
SScm.us** amob,tephaseo,ie,on«e:0.„5 M ammonium acetate (3:!, at 6 mL/mtn. Prions 
containtng me product 0. interest. „om 5 separate .niectons were combined and evaporated to 

=5 ^essbe 1 or,,epea,p re pa,a, i ve,ev=,s M .phaseHPLC U s,ngaBec k man5, 1 mu,raspn.eO D S 
co^mn , ,0 mm x 25 cm, us,ng a moale phase gradten, o, acetorw.le.o.os M ammon^, acetate 
(26 72, ,„ ace,on„r*:o 05 M ammon,„m acetate ,50.50, over , 8 mmutes (tlow rate 4 mL/m,n, 
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Fractions, containing the product of interest, were combined and evaporated to dryness to give a 
pure white solid (4 mg). The structure of the product was confirmed by MS and NMR spectroscopy 
as follows: 

HPLC retention time - Method A - 17.5 minutes 

APCI-MS - (M + H)' observed at m/e 760. required for CJ-UNOe - 760 




Nmrdata: 

l H chemical shift and multiplicity 

2.68 IHmuttiplet 

3.99 IHmultiplet 

1.97 IHmuttiplet 

3.57 1Hd J = 7.6 

1 92 IHmultiplet 

1 72 IHmuttiplet 



Atom number Approximate 13 C chemical shift, from 'H - °C 

correlation data 

1 176.1 

2 44.7 

3 79.8 

4 39.3 

5 *83.4 

6 75.4 

7 38.3 
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8 45.1 

9 222.5 



1 ° 37 4 

1 1 



12 
13 
14 
15 

16 



r 



i" 



17 

1 8 15.8 



20 26.9 

21 18.1 



103.0 



2* 71.0 
3 ' 65.3 

4 * 28.7 

5 ' 69.2 

6 ' 213 

r # 40.0 



2 " 34.7 



73 0 



2.70 IHmultiplet 



3.07 1HbrqJ = 7.o 
69 1 3.77 1Hbrs 



76.1 

77 1 5.10 1Hd J = 71 

34 8 2.86 IHmultiplet 

26 7 1.98 IHmultiplet 

180 IHmuftiplet 

188 188 IHmultiplet 

1.71 IHmultiplet 

24 8 1.89 2H multiset 



1.19 3Hd J = 7.0 

1.47 3Hs 

1.16 3Hd J = 70 

4.42 1Hd J = 7.2 

3.24 iHdq J = 10.4. 7.2 

2.51 IHmultiplet 

1.68 IHmultiplet 

1.26 IHmultiplet 
3.49 IHmultiplet 
1-23 3Hd J = 6.2 
2.38 2x3Hs 



9S3 4 89 1Hd J =4.5 



2.38 IHmultiplet 

1 57 iHdd J= 15.0. 5 0 
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67 



78 0 3 02 1Hd J = 9.4 

65 5 4.00 IHmultiplet 



4" 
5" 

B .. 18 4 1.29 3Hd J = 6.2 



T * 21 3 124 3Hs 

g<» 49 4 3.32 3H s 

Fxamnle 13b ■ Preparation of i3. C v r inhntvi.flfvthrnmvftin A usmo S ervthraea NRRl 2338/PND3Q 
An experiment similar to example 13a. using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 13a. 

5 

Pyamnle 14a • Preparation of 13-cv f inprnpvl.Brvlhrnrnvnin A using S erythraea NFRL,2338ftlg1 
Six 2800 mL Fernbach flasks were inoculated with S. erythraea NRRL 2338/plG1. Each 
flask contained 1 L of tap water medium with 50 mg of thiostreptone added to each flask. After 24 
hours of incubation at 28°C. 200 ppm of cyclopropane carboxylic acid was added to each flask. 

10 The flasks were incubated for 90 hours and composited into a sterile. 8 L aspirator bottle. The 
aspirator bottle was used to inoculate 314 gallons of ERY-P medium in a 500 gallon pilot vessel. 
The broth was incubated, run at 27"C to 29°C. at a pH ranging from 6.7 to 7.4. with an aeration rate 
of 20 standard cubic feet/min and stirring at 1 75 rpm. Cyclopropane carboxylic acid (200 mg/L) was 
added after 33 hours. 81 hours and 1 1 7 hours. The fermentation was continued for 198 hours 

15 After this time, the whole broth was filtered over a 0.2 (jm. ceramic filter (30 ft* U.S. Filter). The 
fittrate was loaded onto an XAD-1 6 resin column ( 12 L; Rohm and Haas). The resin column was 
then eluted with ethyl acetate (60 L) The ethyl acetate was concentrated to a gum (302 g) to 
which 2 L of methylene chloride was added The resulting methylene chloride solution was 
wasned with 6 L of 250 mM sodium bicarbonate buffer. pH 9. The erythromycin rich methylene 

20 chloride layer was separated . evaporated to a gum (200 g) . and then resuspended into 40% 

methanol(lOL)whichwasloadedontoaCG-i6l resin column (9 L. TosoHaas). The resin column 
was washed with 40% methanol (30 L) and sequentially eluted with 75% methanol (8 x 1 0 L) and 
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nea, methane. (3 x 10 L). The 75% methane) fracfons 5 through 8. containing the product of 
.merest, were combmed. and evaporated to 3.2 L The concentrate was adiusted to P H 9 and 
added to 0.95 L of methyfene chloride. The methylene chloride layer was separated and 
evaporated to yield 12.4 g of a gum. Part of the gum (six grams, was further purified by preparative 

Phase of methano. 0.05 M ammon.um acetate with 0 1 % trifluoroacet.c acid isocaranc (50:50) at a 
flow rate of 215 mL/min Fractions containing the product of interest were combined (230mL). 
evaporated to a concentrate (1 10 mg.adjusted to pH 9 w*h sod.um hydroxide, and extracted into 
methylene chloride (50 mL). The methylene chloride layer was separated and evaporated to 
> dryness to yield 630 mg of partially pure product. Another port,on of the gum (one gram, was 
further purified by preparative reversed-phase HPLC us,ng a MetaChem inertsi, 10 M m C8 column 
(50 mm x 25 cm, usmg a mobile phase of acetonitrile.0. 05 M ammon.um acetate with 0.1% 
trifluoroacetic acid gradient (20:80, to (25 75, over 50 minutes at a (low rate of 125mL/min 
Fractions. cont ai ning the compound of interest (28-46 minutes,, were comb,ned. saturated with 
sodium bicarbonate and extracted with methylene chloride. The methylene chloride was 
separated and evaporated to dryness to yield 361 mg of partially pure product. A portion of these 
partially pure materials was further purified by reversed-phase HPLC as exemplified by 
Phenomenex Prodigy 10 ,m C18 oo.umn (50 x 250 mm, using a moNe phase of methano,:0.05 M 
ammonium acetate with 0. 1 % trifluroacetic acid isocratic (50.50) at a flow rate of 100 mL/min 
Fractions, containing the product of interest (27-31 minutes,, were combined, saturated with 
sodium bicarbonate, and extracted with methylene chloride The methylene chloride was 
separated and evaporated to dryness to yield partly pure product Materia, was further purified by 
preparative reversed-phase HPLC using a Phenomenex Prodigy 10 M mCf 8 column (50mm x 25 
cm, using a mobHe phase of methanol:0.05 M ammon.um acetate w,th 0. 1% trifturoacetic acid 
isocratic (48 52, at a ftow rateof tOOmUmin. Fractions contain,ng the product of .merest (4,-^5 
minutes, were combined, saturated with sod.um bicarbonate, and extracted with methylene 
chlonde The methylene chloride was separated and evaporated to dryness to y.eld 13- 
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cyclopropyl-erythromycn A as a solid (20 mg). The structure of the product was confirmed by MS 

and NMR spectroscopy (Bruker DMX 500 MHz spectrometer) as follows: 
HPLC retention time - Method B - 5.6 minutes 
APCI-MS - (M+H)* observed at m/e 746, required for C^HaNO* - 746 




NMR data: 



Atom* 
1 
2 
3 
4 
5 
6 
7 
6 
9 



*C(ppm) 
222.41 
175.88 
103.63 
96.75 
83 92 
80.25 
78.52 
78 42 
75.99 



# Attached 'H 
0 
0 



'H(ppm) 



4.45 
4 92 
3.60 
4 02 
4 74 
3.05 
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10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 



75.49 

73.05 

71.31 

69.46 

69.39 

66.02 

65.95 

49.93 

45 47 

45.23 

40.70 

40.00 

38.94 

38 46 

35.38 

29.07 

27.36 

21 94 

21.84 

19.08 

18.69 

17.38 

16.11 

12.38 

10.64 

9 60 

4 23 



0 
0 



3 
1 
1 
1 



1 

2. 
1 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

1 

3 
2 



3.27 
3.84 
3.52 
4.04 
249 
3 36 
2.74 
2.89 
2,34 
2.02 
1.96/1.76 

3.15 
2.41/1.61 
1.71/1.28 
1.50 
1.28 
1.26 
1.32 
1 21 
1.31 
1.21 
1.20 
1 20 
1 16 
0.67/1.33 
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E xample 14b - Preparation of 1 3^vrlnnrQDvl- arythromvcin A using S. erythraea NRRL 
933B/pND30 

5 An experiment similar to example 1 4a. using the culture S erythraea NRRL 2338/pND30. 

produces the compound exemplified in example 14a. 

F^mnlP 15a - Preparation nl 13- tt.thien v i)-»rvthrnmvcin R using 3. erythraea NRRU ?338/blg1 

The culture S erythraea NRRL 2338/pld was inoculated into 50 mL tap water medium in a 
to 300 mL Erlenmeyer flask. After 48 hours incubation at 28°C. 5 mL of this tnoculum was used to 
inoculate 50 mL of ERY-P median in a 300 mL Erlemneyer flask. The broth was incubated at 28°C. 
The N-acetyl cysteam.ne thioester of 3-thiophene carboxylic acid (20mg in 0.5 mL of methanol) 
was added filter sterilised after 24 hours and the fermentation was continued for 168 hours. After 
this time, the whole broth was adjusted to pH 8 5 with aqueous sodium hydroxide and then 
1 5 extracted with ethyl acetate (50 mL) The ethyl acetate was separated and concentrated to 

dryness The sample was redissolved in methanol (1 mL) for HPLC-MS analysis. This confirmed 
the production of 13-(3-thienyl)-erythromycin B. 

HPLC retention time - Method A - 20.0 minutes 

APCI-MS • (M + H)* observed at m/e 772, required for CV^NOeS - 772 



20 



F^mni* ifih- Preparation ia. .a-thien y 'l-frythmmvcin B using S. ervlhrafta NRRt. 2338/pNP3Q 

An experiment similar to example 15a. using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 15a. 

25 Fxamnls 1 6 - Preparation of 6-de q v y- 1 3-rvrlopropyl-ervthromvCtn B using S erythraea NRRL , 
18643 



SUBSTITUTE SHEET (RULE 26) 



WO 98/01571 



72 



PCT/GB97/01810 



The culture S. erythraea NRRL 18643. an eryFmutant of S e,ythraea (Science. 252-1 1 4 
5Ap ri .1991)was,nocu,at edi nto1Ltapw a ter m ediurnina28LFern baC hHasK. Cyclopropane 

After 

three (3) days total .ncubation. one flask was used to .novate 8 L of supplemented ER y. P 
5 medium (60 g/L cerelose. 30 g/L Nutrisoy flour. 3 g/L (NH^o, 5 g/L NaC. 6 g/L com steep 
so.i dS .0.5g/LMgSO < . a ndlrnLAP 2 000)ini4Lfermentor ja r, The broth was .ncuoated at 28'C 
wrth an aeration rate of 8 L/min. stirring at 600 rpm and with pH maintained between 6.9 and 7 3 
with NaOH or H S O t (15%,. Cyc.opropane carboxylic acid (1 .6 mL, was added after 24 and 48 
hours. The fermentation, done ,n dupiicate. was harvested after ,63 hours total incubation t,me 
o The P H of the whoie broth was adjusted to 9 w„h sodium hydrox.de. and the broth was extracted 
with ethy, ace t a , e (16 L). The ethyl acetate was concentrated to an oil in a 20 L Buch. 
^evaporation unit. The o,, was redissoived with 500 mL of methane ch.oride. Five hundred 
mL of water was added to mis ,«,u,d. and the pH of the aqueous phase was ad.usted to 9 w,th 1 0% 
ammonium hydrox.de. After shaking vgorously. the methy,ene chlonde layer was col.ected. and 
evaporated ina i L rotoevaporation flask to yield 1 1 .0 g of oity residue: This matena. was dissolved 
with 250 mL of a 4:6 methanol.water solution, and loaded onto an 80 mL CG-161 resn column 
(Toso Haas, Thecolumn was washed wrth 350 mL of 4:6 methanol.water solution. The column 
was then briefly washed at 8 mUn.n with a 7 3 methanol.water soluton. unti. coloured imputes 
began to elute from the column (approximately 2 bed volumes wash,. At this time, a 1 hour 
gradient run was .nitiated. with the concentration of methanol changing from 70% to ,00%. over a 
1 hour period, at a flow of 8 mlTmin The fraction containing , he product of interest was evaporated 
to dryness and further purified on a reversed -phase ,0 ,m Kromasi, C1 8 HPLC CO*™ (50 mm x 
25 cm,, using a mobile phase of acetonit„,e:buffer cons-sting of 0.01 M ammon.um acetate. 0.02% 
Tifluoroacetic acid, and 26% acetbnitrife (5:95, for 50 m.nutes at a flow rate of ,20 mUnin Th.s 
was foltowed by a ..near grad,en, from (5 95, to (33.67) over the next 40 minutes FraC.ons 
containing the product of interest were comb.ned (530 mL,. adjusted to a pH of 9 w.th 1 0% 
ammon.um hvdrox.de. and extracted ,n,o methylene chlor.de (400 mL, The methylene chtor.de 
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,ayer was separated and evaporated to dryness to yield purified 6-deoxy-i 3-cyclopropyl- 
erythromycin 8(12 mg). The structure of the product was confirmed by MS. 
HPLC retention time - method B • 21 4 minutes 

APCI mass spectroscopy - (M+H)' observed at m/e 714. required for CHaNO* - 714 

5 

Fv ^rt* 1 7 ■ Proration of P -^* v- 1 fl-nmnvmrvthromvcin B uyiq ,S fvythnm NRR . L 1 864? 
S. eryfhraea NRRL 18643 was inoculated from a three day patch on _ YPD agar (0.5% Oifco 

yeast extract. 0.5% Difco Bacto peptone. 0.25% dextrose. 0.5% MOPS. 1 .7% Oifco Basto agar. 

pH adiusted to 7 0) into 25 mL of .YPD broth (0.5% Difco yeast extract, 0.5% Difco Bacto 
l o peptone. 0.25% dextrose. 0.5% MOPS. pH adjusted to 7.0) in a 250 mL Erlenmeyer flask. The 

flask was incubated at 225 rpm, 29»C. tor 48 hours. 2.5 mL were inoculated into 25 mL ERY-P 

medium (5% dextrose. 3% Nutrisoy Hour. 0.3% (NH<),S0 4 . 0.5% NaCI. 0.6% CaCO, pH adjusted 

to 7.0) and incubated at 225 rpm. 2W, tor a total of 6 days Butyric acid was added to the flask at 

24. 72 and 120 hours (400 ppm. 400 ppm. 200 ppm. respectively). Whole broth pH was then 
15 adjusted to 9.1 using 1N NaOH. The sample was extracted twice with an equal volume of ethyl 

acetate. Ethyt acetate phases were concentrated to dryness under nitrogen <50°C water bath). 

then resuspended in 1 .0 mL methanol for HPLC-MS analysis. This confirmed the production of 6- 

deoxy-13-propyl-erythromycin B. 

HPLC retention time - Method C - 23.5 minutes 
20 APCI-MS - (M+H) 1 observed at m/e 716. required for C^H^NO,, • 716 

Fxa mpift 18 - Evaluat e of Antibacterial Activity 

An in vitro antibacterial assay was performed in microliter and interpreted according to 
■^ tpt gt a n rtarris tor' An^ Ti r fn^i nisk Susrentihiiitv Tests ■ Sixth Fdtton ; Approved 
25 Standard , published by The National Committee for Clinical Laboratory Standards (NCCLS) 

guidelines. Minimum inhibrtory concentrations(MlCs) were obtained versus vanous bacteria For 
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example. Staphylococcus aureus 80CR5 (macro.ide suscept.We stra.n, afforded values generally 
ranging from < 0. 1 to 1 56 ng/mL 
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Claims 

1 A compound of the formula 1 



N(CH& 




t-bC ORi3 



and 10 pharmaceutical^ acceptable salts thereof wherein 

R , is an alpha-branched CvC alkyl. alkenyl. alkynyl alkoxyalkyl or alkylthioalkyl group any of 
which may optionally be substituted by one or more hydroxyl groups; a C 5 C, cycloalkylalkyl group 
wherein the alkyl group is an alpha-branched C 3 -C 5 alkyl group; a C,-C 8 cycloalkyl or C s -C e 
cycloalkenyl group, either of which may optionally be substituted by methyl or one or more 
hydroxyl or one or more C-C, alkyl groups or halo atoms; or a 3 to 6 membered oxygen or sulphur 
containing heterocycKc ring wh.ch may be saturated, or fully or partially unsaturated and which may 
optionally be substituted by one or more C,-C«alkyl groups or halo atoms; 
or R, is phenyl which may be optwnally substituted wrth at least one substituent selected from C,- 
C. alkyl. C-C, alkoxy and C,-C, aikylthio groups, halogen atoms, hydroxyl groups, trifluoromethyl. 
and cyano; or R , may be with a formula (a) as shown below: 



% (CHJtT (CH?)o 



\ 

> 

/ 
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X ,s O. s or .CH,, a b. c. and „ are each .dapendenrfy <K> and a ♦ o . c . d < 5. 

R?isHor OH; Rj-Rj are e a« ,ndependem,y H, CH, o, CH,CH,. R. ls H or OH: and R, i s „ 
CH, or CH,CH, R. is „ or R> „ „ ^ ^ ^ r> ^ ^ ^ ^ ^ ^ ^ 

5 ^ <R " ' S ^ R " ** " ".■».- * « «. - «■ C«.. or CH,CH,,. or any o 6ove 



defined compounds modified by replacing 
2. A compound of the formula g: 



one ormore-CHOHor-CHORgroups by a keto group 



N(CH 3 ) ? 




H 3 C OR, 3 



10 andfo pharmaceutically acceptable sa/ts thereof, wherein. 

R, « H. C.-C. alkyl. C^C, alkenyl. C.-C, alkynyl. alkoxyalkyl or alkyllhioalkyl contaming from t 
«o 6 carbon atoms in each alky, or alkoxy group wherein any of said alkyl, alkoxy. alkenyl or alkynyl 
groups may be substituted by one or more hydroxy, groups or by one or more halo atoms: or a C,- 
C. cycloalky. or C 4 <:, cycloalkenyf either of which may be optionally substrtuted by methyl or one or 

" 5 more Cl< ; 4 alkyl groups or hafo atoms; Qf a 3 ^ g ^ 

heterocyclic nng wh,ch may be saturate or fully or partially unsaturated and wh,ch may opt.ona.ly 
be substituted by one or more C,-C, alkyl groups or halo atoms or a groupof the formula SR., 
where,n R^sC.^ alkyl. C,- C. alkenyl. C,-C. alkynyl. C, A cyc.oa.ky.. C ,C. cycloa.keny.. phenyl or 
substrtuted pheny, where.n the subsftuen. , s C,C, a.** C.-C, aikoxy or ha.o or a 3 to 6 membered 
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oxygen or sulphur-contaimng heterocyclic r<ng which may be saturated, or fully or partially 
unsaturated and wh.ch may optionally be substituted by one or more C.-C, alkyl groups or halo 
atoms 

R,.s Hor OH; R,-R 8 areeach independently H. CH„ or CH,CH S ; R. is H or OH: and R, is H. 
CH, or CH 7 CH 3 ; R, is H or desosamine; R 9 is H. CH, or CH,CH,; R. is OH. mycarose (R„ is H) or 
clad.nose (R „ .s CH,). R„ isH; or R w = R t < = 0; and R„ is H. CH, or CH,CH, with the proviso that 
when R,R, are CH,. R, is CH S . R. is CH 3 . and R. is CH, then H, is not H or C, alkvl: or any ol the 
above defmed compounds modified by replacing one or more -CHOHor-CHOR groups by a keto 
group 

3. Acompound of the formula 1 as claimed in claim 1 wherein R,isaC,C 6 cycloalky1or 
cycloa.kenyl group which may be optionally substituted by one or more hydroxyi groups or one 
or moreC,-C„ alkyl groups. 

4. A compound of daim 3 wherein R, is cyclopropyl. 

5. A compound of claim 3 wherein R, is cyclobutyl. 

6. A compound of claim 3 wherein R , is cyclopentyl. 
7 A compound of claim 3 wherein R , is cyclohexyl. 

8. A compound of claim 1 wherein R,is an a.pha-branched C^alkyl. alkenyl. a-kynyl. aikoxya.ky, 

or alkylthioalkyl group. 

9 A compound of claim 8 wherein R , is isopropyl. 

10 A compound of daim 8 wherein R, is sec-butyl. 

11. a compound of daim 8 wherein R, is 2-buten-2.y.. 2-penten-2yl. or 4.methy.-2-p8nten-2- y . 

12. A compound of claim* wherein R, is 1-methylthioethyl. 

1 3 A compound of claim -1 where-n R , is a 5 or 6 membered oxygen or sulphur contaimng 

heterocyclic ring which may be optionally substituted by one or more hydroxy, groups or C.-C. 
alkyl groups or halogen atoms 
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14 A compound of claim 13 wherein R, is 3-thienyl. 

15 A compound of claim 13wherein R,is3-furanyl. 

16. A compound of claim 1 wherein R, is phenyl. 

17. Acompoundofclaimlwhe^ 

5 andXis-CH ? - 

16Acompoundofc.a.mlwhereinR,isa g roupofformu, a (a)wher e inaandbare0.ci Sl .di s2 

andXis-CH ? - 

19. Acompoundofcla.m i wherein R, isa group of formula (a) wherem a and bare 0. c and dare 1 

and X is 0. 

> 20. A compound of d ai m 2 wherein R, is SR,, and R M , s methyl or ethy!. 

2 1 A compound of Cairn 2 wherein R, is ethyl, propyl, butyl, isopropyl or sec-butyl. 

22. A compound of claim 2 wherem R, ls i-(trifluorometh y i)ethyl 

23. A process for prepanng acompound of formula 1 as da-med.n claim 1 or formula 2 as claimed in 
claim 2 wh,ch comprises fermentmg an organs capable of producing erythromycin in the 
presence of acarboxy.,0 acid of the formula R.CO.H wherein R, isasdefined in claim 1 orc,a,m 
2. or a salt, ester or amide thereof or oxidative precursor thereof, to a. and isolating the 
compound of formulae I or 2 

24. A processof claim 23 wherein the orgah,sm is Saccharopo.yspora erythraea and which may 
optionally conla,n an effective* integrated p.asm,d capable of Greeting the biosynthesis of 
compounds of formula 1 Said plasmid may optional* contain a Type I. PKS promoter/activator 

gene. 

25. A process of Calm 24 wherein the organism Saccharopo.y SP ora erythraea is selected from 
strains NRR L 2338 . 18643 or 21484 wh,ch may optionally contain an effect^y mtegrated 
Plasmid capable of directing the biosynthesis of compounds of formula l Said plasm.d may 
optionally contam the aelf promoter and its cognate act.vator gene 

26 A process of cla.m 25 where-n the opt-onally effecfvely .ntegrated plasmid ,s pAVLD. p.Gl . 
PND30. PCJR26. pCX J fl 4 9. pC-AT12. pc-ATXor other s.m.lar constructs 
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27. A process of claim 25 wherein the organism isS erythraea ERMD1. S. erythraea NRRL 
2338/plG1. S erythraea NRRL 2338/pND30, or other similar transformants 

28. A pharmaceutical composition compnsrng a therapeutically effective amount of a compound 
according to claim 1 or claim 2 in combination with a pharmaceutical^ acceptable carrier 

29. A method of treating a bactenal infection, or a disorder related to a bacterial infection, or a 
protozoal infection in a mammal, fish, or bird which compnses administenng to said mammal, 
fish, or bird a therapeutically effective amount of a compound of claim 1 or claim 2. 

30. Use of compound of claim 1 or claim 2 in the manufacture of a medicament for treating a 
bactenal infection in a mammal, fish or bird. 

3 1 Use of a compound of Claim ^ or Claim 2 for improving performance effects (such as weight 
gains, feed efficiency utilisation, milk yield, etc.) m a mammal, fish, or bird. 
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Figure 1. 
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Fiaure 3a. 
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Figure 3b. 
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Figure 4b. 
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Figure 4c Construction of pND30 
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Figure 5. . 
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Figure 9 
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Figure 12 
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